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At the same time they allow the yok 
to move without restriction up or dow: 


© transmit the 
from inside the n 
sure chamber. wh 





h is at pipe line as the float falls or rises. Phe voke 
pressure, to the recording pen outside, extends through the inside of the upper 





which is under atmospheric pressure, bellows 65, enabling its motion to ly 
without friction or leakage. is a prob- communicated to the pen leveray 
lem to which has probably been given system by pin 59. 

more attention in flow instrument 
design than any other. 





Entire elimination of friction and th: 
utter absence of any opening throug! 
the pressure chamber. which is sealed 
from the atmosphere, are exclusis: 
TAG Flow Instrument features, mak 
ing possible the full utilization of flo 

movement in moving pen and remo 
ing every possibility of leakage 





The diagram above (in the center) 
shows the ingenious solution by which 
TAG design overcomes this stumbling 
block to accurate flow measurement 
and control. 













The lever 51 which transmits the verti- 

































cal movement of the float. engages 

yoke 67. This yoke is supported in Send for Catalog No. 1020-1, complete! 
position by two bellows, 65 and 68, one describing the: TAG Flow Recorder- 
at each end. These bellows, being Controllers for Liquids TAG Flow 
identical, are equally affected by pres- Meters and TAG Orifice Meters for 
sure changes inside or the Gases TAG Flow Recorder-Control- 
pressure chamber, and each lers for Gases TAG Liquid Lev 
other so that such pressure changes Recorder-Controllers. Use the coupor 
can cause no movement of the yoke. below. 
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AMPLOYING a unique and revolutionary 
EK principle of operation, this new BRISTOI 
Free Vane Recorder Controller marks an almost 
incredible advance in air-operated automat 
trol. It makes possible regulating the ten peratures 
of industrial processes to a degree heretofore ur 
obtainable. 

Controller action is full floating. Under the influ 


ence of temperature fluctuations the ingenious Free 


Vane device utilized 


control actually 
floats from one posit o another. It does 1 
mechanical work xperiences no resistance or 
friction. Nor does interfere in any way with the 
motion of the recording element to which it is 
attached. Temperature indications are 

They disclose faithfully the 

under control. There is no 


either at, above, or below the control temy 


The Free Vane Recorder Controller git 


g 
ontrol which the temperature record indicates. \t 
n orporates BRISTOL'S pe rfected sensitive actuat 
‘ nme , \ 24-page catalogue describing this remarkable 
ng element of the popular helical tube type whi ; hs hd 
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: t the files of every executive Just 1 in the coupon 
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Diameter 
Mode! 594 2.3 inches 


WESTON 
HOTRONIC CELL 


Outstanding Features [PHOTO-ELECTRIC] 
Highly sensitive _ : 7 
High current output Dry type amazing in per 
(approx. 5 milliamperes in direct sunlight) nt 

Ne drifting formance — utterly simple 
No chemical change | in design—the new Weston 


No physical change 
Unlimited life—as far as known Photronic Cell is radically 


No deteriorati helf 
a sire Sei ake @ different — a marked ad- 


No dark current. 
sae deastieiies vance in light sensitive cells. 
No polarizing voltage it is revolutionizing in op- 


No exciting voltage 
No readjustments of the circuit eration. It establishes a new 


Non-microphonic 
Withstands direct sunlight standard of performance. 


No liquid set Almost limitiess in appli- 


Ne glass bulb cation. And its cost is low. 
No gas 

No vacuum 

Not easily damaged 
Nothing to replace 
Low cost 
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Quickly Interchangeable 
Magnifications 


HE new model of the B& L Wide-Field, Binocular 

Microscope AKW-5 has an improved Drum Nosepiece. 
Former models of this instrument carried three pairs of 
matched objectives in the nosepiece, all of which were non- 
removable. The new Drum Nosepiece contains only one 
pair of objectives (the 0.7X) permanently mounted. The 
other two pairs can be readily removed by simply sliding 
out the objective mount. Other objectives, similarly mount- 
ed, can be quickly substituted, making available a much 
wider range of quickly interchangeable magnifications. 
Write for a complete description of the instrument. 
Bauscu & Loms Optica Company, 615 St. Paul Street, 


Rochester, N. Y. 


BAUSCH © LOMB 
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Cold- headed 
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are HOMO normalized 


FADERS like the Oliver of this temperature, the strains 
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big batteries of Homos, they se- 
cure a normalizing which they 
regard as practically ideal. 

In normalizing, these com- duct. The Homo furnaces are a 
panies find that by far the best success in normalizing becausi 
results are attained by heatingto they hit the predetermined cor 
a certain quite definite “Te rect temperature so pr 
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temperature. If the heat- Catal cisely and un- 
ing stops only a bit short 93-1 failingly. 
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NOISE MEASUREMENTS 
Made Scientifically ; 
—Quickly and Accurately 


with the 


BURGESS ACOUSTIMETER 










Using the Burgess Acousti- 





meter to locate the source V 
of vibration in machinery. ' 
tl 
CC 
tl 





HE Burgess Acoustimeter is a modern instrument 

designed to meet the ever increasing demand for a tr 
simple, accurate and scientific measurement of noise and 
vibrations. It has been successfully applied to the lu 
measurement of city noises, office noises, gear noises, r 
machinery vibrations, detonation, architectural acoustics W 
and similar commercial problems. 


Write for Bulletin No. E9 
BURGESS-PARR COMPANY 
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EDITORIAL COMMENT 








“The Open Door” 


ITTLE does it matter whether the “lag” of an electron tube is 

millionth, a billionth or a trillionth of a second. It is such a vanishingly 
small interval that the most sensitive mechanical, electromagnetic and fluid 
relays seem extremely sluggish in comparison. No wonder, therefore, that 
many manufacturers of automatic control instruments have pounced eagerly 
upon this means of actuating the largest valves and dampers in quick and 
obedient response to the feeble impulses of sensitive primary elements. 
With the photoelectric forms of electron tubes, there is not even need of 
mechanical or electrical connection between the primary element and the 
operating mechanism: a beam of light does the trick. 


Already, the number of successful automatic control applications is such 
that a mere list would cover several pages of fine types. All industries have 
begun to benefit, and some are thoroughly “sold” on electronic control. 
Temperature, pressure, speed, flow, light and other processing and working 
conditions are regulated with extreme accuracy. Especially light. Even 
that elusive physical property known as color is judged by electric eyes. 
And such results as counting articles traveling on a conveyor, sorting beans 
or buttons, or operating a drinking fountain as you bend over it, have 
become commonplace. 


This newborn member of the family of devices employed in Instrumenta 
tion is an infant prodigy. 


But let us, the servants of Instrumentation, not be carried away with 
excessive enthusiasm: Let us not take it for granted that the electrical 
industry has solved all of our problems. Let us not only thank the elec 
tronic engineers but emulate them . . . yes—and go them one better! 


For serious problems remain to be solved before the electron tube, this 
lusty boy, reaches the full stature of a man in our own industry. His 
development has been marvelous but it has been one-sided. To put it in 
the parlance of Instrumentation, “you can get a wonderful on-and-off action 
with these gadgets but you can't get an exactly proportional amplification.” 


There, oh ye physicists in the research departments of instrument making 
and using companies, is a challenge to your ingenuity and resourcefulness! 
Instrumentation is measurement and control—measurement not only in the 
sense of “go” and “no go” but in its true sense of assigning exact numerical 
values. As long ago as 1924 we saw an electric eye sorting cigars into 
twenty-one grades of color, but the research man who explained it confessed 
that it was not likely to provide smaller intervals and that it was altogether 
incapable of providing a continuous scale. Since then, much progress has 
been made and a recent development is the actual measurement of high 
temperatures by amplifying the variations in the intensity of full radiation. 








When writing to the above company, please mention INSTRUMENTS 


Page 5 2¢ INSTRUMENTS October, 





Exact measurement requires not only that the instrument be sensitive | 
that its indications be accurate—that is to say that a continuous scale 
values be made possible. Thanks to the electronic engineers we hav: 
degree of sensitivity beyond our wildest dreams of only a few short ye 
ago. It is up to us to utilize this miraculous sensitivity so that the tr 
value of whatever is measured will be indicated and recorded on convenier 
ly large dials and charts, and so that the setting point of an automatic c 
troller can be raised or lowered on a numerical—not an ar bitrary—scale 


These developments will come. And soon. But even at this stage « 
believe that the General Electric Company is perfectly right in declarir 
that the name Thyratron was applied to one of its series of tubes becau 
it comes from a Greek word which means “door’’—because electronic tube 
are the open door to marvelous developments. 


INSTRUMENTS EMPLOYMENT SERVICE 
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Service, 3619 Forbes Street, Pittsburgh, Pa., should be written tersely and must be receive 
by the 25th of the month. In replying, a identification number on both env ways and letter 
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INSTRUMENT MAKER: 3% years experimental laboratory of ine company; 2 years 


experimental laboratory of electrical company. J-2. 


PYROMETER MAN: Graduate Pennsylvania State College. Had charge of pyrometer 
calibration laboratory in plant with 1100 pyrometers. J-3. 


METALLURGIST: 1% years University of Pennsylvania; 7 years night school Carnegie 


Institute of Technology. 2 years steel plant analyst; 714 years plant metallurgist in foun 
dry. Can read German, Polish, Bohemian and Russian. J-4. 


METALLURGIST: Graduate University of Pittsburgh; 5 years steel plant metallurgist; 


6 years sales metallurgist; 3 years metallurgist automotive plant. J-5. 

ELECTRICAL ENGINEER: Graduate Charlottenburg Technische Hochschule; 8 years 
research engineer with chemical company; 4 years steel plant electrical engineer; car 
read German, French, Spanish and Italian. J-6. 

INSTRUMENT SALESMAN: Mechanical Engineering Graduate; experienced sales and 
service most type of power plant instruments. District Sales Manager 5 years. Ex 
perience on gages, flow meter, CO, recorders, pyrometers and other testing equipment. J-8 

PYROMETER MAN: 8 years experience; expert electrician and gage (hydraulic, pressure, 
vacuum, etc.) service man; 3 years instrument laboratory; education equivalent two years 
of engineering college. J-9. 

INSTRUMENT ENGINEER: Graduate Engineering College. Charge of instrument 
department in large industrial plant for 214 years. J-10. 

INSTRUMENT MAKER: Dip. Ing. Charlottenburg, 2 years German Instrument con 
pany building electrical and temperature instruments. 1 year patent research bureau 11 
New York. J-11. 

RADIO OPERATOR: Graduate Dodge Institute, 1917. Commercial license either broad 
cast or telegraph. J-12. 

INSTRUMENT SALESMAN: Graduate ME, 4 years control instruments, 2 year 
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Mgr. large rolling mill. J-13 

PHYSICIST: Ph.D. 1927. Experienced in electric and magnetic measurements, testin; 
and research. J-14. 

PRECISION INSTRUMENT MAKER: 28 years experience on scientific and geophysi 
calinstruments. J-15. 
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A Corrosion Tester for 


Pressure Vessels 
Cloyd M. Chapman* 


XCEPT in the laboratory, there has been available almost no equip 

ment suitable for corrosion testing. That which has been used in service 
tests has in each case been conceived by the individual user and been 
almost entirely home made. There are, of course, cases in which certain 
peculiar conditions demand special treatment. On the other hand, suitably 
designed standard equipment or apparatus should find a large field of 
usefulness. 

Conducting service corrosion tests in pressure vessels is especially 
troublesome and inconvenient. Unless one is provided with apparatus 
suitably designed for that purpose, the vessel under test must be shut 
off from pressure, sometimes drained of its contents, and opened and closed, 
often laboriously, each time it is desired to insert, remove or inspect the 
test specimens. 

A corrosion tester has been developed which provides a simple and 
convenient means of exposing test specimens to the fluids, either gases ot 
liquids, in existing pressure vessels while working under pressure and 
other normal operating conditions. It offers easy means for making 
variety of tests, such as: 

1. Determination of the relative ability of various metals t 


for instance, mat r 
the fluid in question 





2. Determination of the relative tendency of various fluids under giver nditions t rt 1 part ir meta 

for instance, in the test of a material for heat exchang J t to th N J 
it the same time 

3. Detection of changes taking place in the fluids carried in a system, e. efore ar ft ierating 


s a check on its effectivenes 


4. Ascertaining the rate of deposition of scale or the « 


The corrosion tester is clearly shown in Figs. 1 and 2. A yoke and 
stufing box assembly forms a guide and means for projecting a spindle 
through a valve and connection into the desired point of application. Test 
specimens are carried on the end of the spindle. Inspection of the speci 
mens may be made as often as desired by removing the yoke assembly 
from the valve, which remains permanently in place as long as tests are 
to be made at that point. This makes it possible to carry on tests without 
interrupting pressure or other normal operating conditions in the vessel. 

The yoke is a special heat-treated aluminum alloy solidly fixed to the 
stufing box. The stuffing box is turned from solid brass bar stock, and 
provided with ample packing space. It is fitted with a turned brass fol 
lower and a turned duralumin follower cap with a hexagon head of standard 
wrench size. The box is packed with square section graphite ring packing. 

The spindle is of stainless steel and has double lead threads which work 
in a bronze bushing firmly fixed in the top of the aluminum yoke. The 
specimens are attached to the end of the spindle by means of a hexagon 
head stainless steel tap bolt. A large handwheel and the double lead 
threads facilitate easy and quick movement of the spindle. 





*Consulting Engineer, New York, N. Y 
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A special heavy wall stainless steel double ended nipple with hexag 
wrench-head provides the connection between the valve and pres 
vessel to be used for the tests. The valve is of standard gate construct 
except that one end is specially faced and provided with a straight thi 
to fit that on the base of the stuffing box, which holds a suitable gas! 
The joint is made tight by means of a ring type asbestos filled copper gas! 
or other suitable style. The hexagonal base on the stufhng box per 
the use of a wrench to make up this joint. 

The tester has been designed for use on pressures up to 400 lbs 
200-Ib. all brass valve is suitable for pressures up to that amount, a1 
400-lb. monel valve for the higher pressures. Valves of other materials 
for other intermediate pressures may be used if they are available in s 
able style. All other parts of the tester are standard and interchange 
for use with either valve. 














After the connecting nipple and valve are once installed, it is not nece 


sary again to interrupt the normal operation in the test vessel. With tl 
spindle fully withdrawn and the test specimens attached, the assembly i 
screwed to the valve, the valve opened and the specimens projected into th 
vessel. 

Two special types of specimens are suggested for use with the tester 
(1) a very fine wire of the metal to be used in test wrapped on a speci 
notched porcelain spool; and (2) a small cube of the metal to be tested. 

Wire test specimens will be found of particular advantage for quick| 
testing the relative corrosiveness of fluids or the relative resistance 
various materials to corrosion in a particular fluid in industries whe: 
weighing, microscopic, or photomicrographic apparatus is not available. It 
provides for a test, among others, based entirely upon visual examinatiot 





The porcelain spool, referred to above, is of rectangular shape with 


hole for the supporting bolt and with four notches on each of the fou 
longitudinal edges. It weighs about 31% grams. Figs. 1 and 2 show th 
spool, with wire specimen, attached to the spindle. 


To prepare the samples, a single strand of wire should be wound onc 


around the spool. The four sets of notches provide sufficient space on th 
spool to wind four wires separately from each other, so that wires « 
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rying sizes or of different grades of metals may be tested at one time. 
.e standard brass and monel valves referred to above provide sufficient 
earance space back of the gate to use two spools at one time, which 
wides for eight wires. 
After the specimens have been assembled, the tester is put into service. 
At the end of pre-determined periods the specimens should be momentarily 
moved and the wires inspected for progress of corrosion, noting whether 
of the strands are intact. The relative resistance to corrosion of the 
wires of various metals, for instance, will be indicated by the relative order 
which these wires break due to the disintegrating action of the corroding 
medium. Likewise the period of time required for the medium to corrode 
each wire specimen to the point of breakage is a measure of the rate of cor 
rosion, indicating that corrosion has proceeded in that period to a depth 
equivalent to half the diameter of the wire. 


IJGOGODOVY 
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The exposure periods will be governed by the materials and sizes of the 
specimen wires, and by any available prior knowledge of the corrosiveness 
of the medium. Some preliminary tests may be neceessary to determine 
the proper exposure periods. Specimen wires, having a very small diameter, 

only a few thousandths of an inch,—are preferable, as the smaller the 
wire the less time will be required for exposure. Wires of some of the more 
common metals as Bessemer steel, pure iron and others, and also of certain 
alloys, are readily available in sizes down to .003”. The convenience of 
operating the tester, the short time required for making these tests using 
very fine wires, and the inexpensiveness of specimens and their preparation 
are attractive features of the method. 

The second method of test suggested for use with the tester requires a 
test specimen preferably in the shape of a 4%” cube having one or more of 
its surfaces polished. The exact shape and size of specimens may be varied 
if desired. It is important, however, that the greatest dimension across 
the specimen be no greater than the diameter of the spindle of the tester, 
so that it will pass through the valve and connection. Three 1%” speci- 
mens may be tested at one exposure, or a greater number if they are suf- 
ficiently smaller. Specimens may be insulated from one another and from 
the tester, if desired, by the use of non-metallic bushings and washers 
The surface is not polished to such a high degree as to tend to cause general 
inhibition of corrosion, but is sufficiently smooth to be satisfactory for the 
purposes of the test. 
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Fig Pr . 1 Bes s f ting t 
Fig. 4. Bess s sé s s x g 1.89 g gal. CO 
Fig. 5. Bess s xpos g0.61 g g 2 g. per gal. ( 





After the specimen has been subjected to test, it may be examined wit! 
a microscope or the results recorded by means of photomicrographs. The 
polished surfaces of the specimen offer a means of readily detecting with 


microscope the nature and extent of the corrosion which has taken place 


in a very few hours. A microscope giving magnifications of about 40 o1 


50 diameters will be found very satisfactory for this purpose. The pencil 


pocket type which is available on the market will be found very handy. 
That the test is very delicate is indicated by the fact that a very few hours exposure ma 
¢ sufficient to indicate the difference in amount of corrosion produced by very small 
ferences in the quantity of corrosive elements. Attention is called to the exhibit of phot 
micrographs of Bessemer steel spe cimen 1s tested in the laboratory. All are at magnifications 
50 diameters. Fig. 3 ours a pre pared specimen before subjecting to test. Figs. 4and5 





of polished specimens after total separate immersion in various waters for 20 hours at room 


temperature. Fig. 4 represents a specimen e >xposed to freshly boiled distilled water to whict 
has been added 1.89 grains per gallon of CO». A light tarnish and etch show over the entir 


surface with spots of localized corrosion. In Fig. 5 is shown a typical portion of a specimer 


exposed in a distilled water containing 0.61 grs. per gallon of 02 and 0.12 grs. per gallon 
COs. 

Results which have been obtained with use of this method both in the laboratory and i: 
service tests have proven remarkably concordant. 

In making a determination, for example, of the ability of differen it metals to resist corrosiy 


action of a fluid, the comparative results of the character and extent of corrosion on several 
series of specimens, all subjected for an equal period of time and under similar conditions, 
offer a quick indication of their respective values. Several specimens of each metal may be 


tested to obtain an average result 

In Figs. 6 to 9 and 10 to 13 are shown the results of two separate tests, in each case with 
four metals (Bessemer steel, charcoal iron, copper-bearing wrought iron and hand 
wrought iron), in water from the Schuylkill River. The tests were made two months apart 
under exactly similar conditions and for 20 hours duration. The photomicrographs are all at 
magnifications of 50 diameters and are typical of the entire polished surface of each respective 
specimen. It will be noted that in each test the Bessemer steel specimen showed the most 
severe corrosion. Charcoal iron appears a little more resistant th ugh not so effectively as 
copper-bearing wrought iron. Hand-puddled wrought iron was in both cases almost entirely 
free of corrosion. These tests indicate the ability, mentioned above, to distinguish by 
this method between different metals for resistance to corrosion, and also offer evidence 
reproducibility. 

Some operators may prefer to use 0 ther methods of test. The tester is adapted to other 
methods and can accommodate other forms of specimens. For instance, a fine wire specimer 
having relative light weight compared to the surface area exposed is especially adapted ti 
tests by the loss of weight per unit area of surface method. Likewise a number of specimens 
cut from thin sheet metal may be used with proper insulating arrangements in tests by the 
loss of weight methods. 

As has been pointed out the tester may be utilized for various test purposes, various 
methods of test and with various types of specimens. In these important respects it has a 
broad field of usefulness. 
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6. Bessemer steel. 
7. Charcoal Ir C 
8. Copper-be: wrought iron. Schuylkill River water 
9. Hand-pud wrought iron. First test in Schuylkill River water 
Bessemer steel. Second test in Schuylkill River water. 

11. Charcoal Iron. Second test in Schuylkill River water 
12. Copper-bearing wrough n. Second test in Schuylkill River water 
13, Hand puddled wrought iron. Second test in Schuylkill River water 
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Elinvar for Instrument Hairsprings 


George P. Luckey* 


LINVAR, a nickel steel alloy invented and improved by Dr. Ch. Ed 

Guillaume, Director, of the International Bureau for Weights an 
Measures, has now been developed to a point where it offers remarkabk: 
possibilities in instrument construction. 

The elasticity of Elinvar is unaffected by temperature changes. _Elinva: 
is not strongly affected by a magnetic field and cannot be permanently mag 
netized. It will not rust. These qualities make Elinvar very desirable 
for use in hairsprings. 

During the past few years the Hamilton Watch Company and Illinois 
Watch Company have been experimenting with Elinvar hairsprings and 
have produced railroad grade watches of remarkable properties. They 
are relatively unaffected by magnetic fields, they are free from the errors in 
timekeeping due to rusty hairsprings and they eliminate troubles attendant 
upon the conventional method of obtaining proper timekeeping qualities 
with variations in temperature. 

A splitrim bimetallic balance wheel is used in high grade watches to 
overcome the change in elasticity of the steel hairspring with change in 
temperature. This balance wheel, which is very difficult to manufacture so 
that it will be dynamically stable, offers numerous difficulties. But if the 
hairspring is Elinvar, a balance wheel with a solid-rim can be used to replace 
the conventional split-rim balance and equal or better compensating qualities 
can be obtained. This balance wheel can be made of non-ferrous metal. 
The combination of an Elinvar hairspring with a solidrim monometallic 
balance wheel is practically unaffected by magnetism that may be experi 
enced in a watch due to the permanent magnetization of its steel parts. If 
the standard watch is placed in a very strong magnetic field, it will stop and 
refuse to function after being removed from this field. A watch equipped 
with an Elinvar hairspring and a monometallic balance will show only a very 
slight variation in time after all of the steel parts have been permanently 
magnetized to the highest degree. 





*Director of Research, Hamilton Watch Company. 
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American Askania Corporation announces the change of address from 622 Marine Bank 
Building to 809 Merchants & Manufacturers Building, Houston, Texas. 


ser 


Announcement has come from the general offices of the International-Stacey Corporation, 
Columbus, Ohio, that Mr. B. T. Ehrman, who was formerly located in the Chicago office of 
the International-Stacey Corporation, has been transferred to St. Louis as Division Manager, 
with offices at Room 2192 Railway Exchange Building. 

Mr. Ehrman has been associated for a number of years with the Roots-Connersville-Wil 
braham Division of this company in the sale of gas pumps, meters, blowers and other equip 
ment. With the opening of the St. Louis office, he will also have charge of the sale of Idec 


Oil and Gas Drilling and Pumping equipment, Stacey Brothers Telescopic, ‘Bullet’ Pressure 


and Stacey-Klonne Dry Seal Gas Holders, Ideco Standard Steel Buildings, Ideco Airport and 
Airway equipment and Ideco Electrical equipment, in addition to the Roots-Connersville 
Wilbraham line of products. 


Fi 





*48- 12. Hand puddied wrought iron. Second test in Schuylkill River 
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Measurement 


of Air Flow 


E. Ower, B.Sc. (Lonp.), Hons.I., A.C.G.I. 


Bramwell Medallist; Member of the Institution of Heating and Ventilating 
Engineers; Assistant in the Aerodynamics Department, 
National Physical Laboratory 


CHAPTER IX. 
MANOME TERS 


WE have already had occasion to note that the velocity heads 
which have to be measured in practice are usually not large : 
for example, the velocity head, under ordinary atmospheric 
conditions of temperature and pressure, does not reach 1 inch 
of water until the air speed is roughly 66 feet per second. 
Further, since the head is proportional to the square of the 
speed, it falls off rapidly at the lower speeds , it is, in fact, 
less than o-r inch of water at 20 feet per second, a speed 
by no means outside the ordinary working range. It follows 
that in order to determine low air speeds with sufficient accuracy 
by means of Pitot and static observations, sensitive manometers, 
capable of reading pressures of the order of 0-001 inch of 
water, or even less, will often be necessary. 

Numerous and varied devices have been designed to supply 
this need. A number of these are, for different reasons, un- 
suitable for industrial use, and it is not proposed in this chapter 
to attempt a description of all the types of manometers that 
have been constructed or suggested. We shall confine our 
attention only to one or two types of different degrees of sensi- 
tivity, which have been proved by experience to be suitable 
for engineering practice, as distinct from laboratory conditions. 
The main difficulty in designing such manometers is experienced 
in combining high precision with the portability, robustness, 
and ease and rapidity of manipulation which are essential for 
their successful application to general practical use. 


Editor’s Note: Ower’s “Measurement of Air Flow” can be obtained in book form 


from the Instruments Book Shelf at $5.00 post paid. 
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The Tilting Micromanometer.—Ihis instrument is 
capable of giving all the accuracy that will be required sav: 
in exceptional circumstances. It is, in principle, a sensitiv: 
U-tube water gauge in which provision is made for microscopi 
observation of the water level in one of the vertical limbs. 
[he U-tube is shaped as shown in Fig. 51; it consists of a 
long horizontal glass tube A, communicating at either end with 


the glass vessels BB, whose axes should be parallel and approxi 


mately vertical in the zero position. Each vessel is provided 


with a removable glass cap, ground in to fit, to which rubber 
tubes leading to the static and Pitot heads may be attached 
Short vertical glass tubes with sealed ends project from the 
base of each cup and fit into corks, which in turn fit firml, 
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FIG. 51 lilting micromanometer. 
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in holes in the upper movable steel frame ( Che latter rests, 

by means of a three-point support, on the lower fixed frame D, 

and is held firmly thereon by the spring E. The three-point 

support 1s arranged with two points FF under the left-hand 

vessel, the line joining these points being perpendicular to the 

axis of the tube A. These two supports are fixed, and the uppel 
I 


frame, with the U-tube, is tilted about the line joining them 
by means of the third supporting point G, which is formed by 
the hardened end of a vertical micrometer screw working in 
the lower frame. Of the two left-hand points, one engages a 
conical cup on the upper frame and the other a V-groove with 
its length horizontal and perpendicular to the axis of the tube 
A; the end of the micrometer screw bears against a small flat 
surface on the upper frame. In this way the tilting frame 
is given definite location without constraint. All the points 
and their seatings are ol hardened steel. [he position ol thre 
movable frame with respect to the fixed frame is observed by 
means of two indicating marks on the former, of which on 
moves over the graduated micrometer wheel and records fra 

tions of a turn of the screw, and the other indicates complete 
turns on the fixed vertical scale on the lower frame. A 
microscope K, with cross-wires in the eyepiece, is carried by 
the upper frame for observing the level of the hquid in thi 
right-hand vessel, and it is advisable for facilitating observation 
to have also a small adjustable mirror L, by means of which 
light from any convenient source can be reflected through the 
glass vessel into the microscope. The field of vision is then 
brighter above the water level than below, and the line of de- 
marcation can be sharply focussed. A tap M should be pro- 
vided to prevent spilling of the water whilst the manometer is 
being moved from place to place. 

The instrument is often best used when mounted on a tripod. 
For this purpose it is desirable to provide the lower frame with 
a screwed hole to take a tripod such as that ordinarily used for 
Dumpy levels or theodolites. It is as well to have also three 
levelling screws NN on the lower frame to adjust the zero of the 
instrument if it should be found more convenient to rest it on a 
bench or table. A further convenient practical step is to bore 
eccentric holes to take the two cup supports in the two corks 
fitting into the holes provided in the tilting frame. In this 
manner some adjustment is provided for small variations from 
the standard dimensions in the glassware, since it is not possible 
to make this exactly to size in every case. 

In using the manometer, the tubes from the Pitot and static 
heads should be connected to the cups before the zero reading 
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is taken, as the instrument may easily be displaced whilst the 
tubes are being fitted. It may be noted here that the caps 
fitting into the necks of the cups should be greased with a 
small quantity of vaseline over the region of contact in order 


to ensure the absence of leaks at the joints. The glass tube 
A should initially be approximately horizontal, and the zero 
reading is obtained by observing the readings on the fixed 
scale and the micrometer wheel when the cross wires of the 
microscope intersect the image of the water level. The total 
head and static tubes are then inserted in the pipe in which 
the air speed is being measured, and the movable frame is 
tilted by means of the screw until the image of the water level 
again coincides with the intersection of the cross wires. 

Let d be the difference between the initial and final readings, 
expressed in turns and fractions of a turn of the 
wheel ; 

/, be the distance between the cup centres in inches ; 

/, be the perpendicular distance of the axis of the micro- 
meter screw from the line joining the two fixed 
points ; 

¢t be the pitch of the micrometer screw in inches ; 


and p be the pressure difference in inches of water. 
rhen, if the angle of tilt be not too great, 
l 
p td? : : . (1) 


Convenient practical values of /,, /,, and ¢ are 13 inches, 10 
inches, and 0-05 inch respectively. The available travel of 
the micrometer screw should not exceed 20 turns, giving the 
instrument a range of about 1} inches of water, and the dia- 
meter of the screw over the thread should be at least * inch. 
Smaller sizes lead to “‘ sloppiness ’’ as the thread wears. 

If a higher range is required, it should not be obtained by 
increasing the length of the screw, since the large angles of 
tilt which this course entails at the higher end of the range 
introduce errors for which it is necessary to make due allowance, 
and the above equation is no longer valid. It is preferable 
to increase the distance between the cup centres; a 26-inch 
U-tube used in place of a 13-inch tube would have double the 
range, and such a tube could quite conveniently be mounted 
on a frame designed for a 13-inch tube. It will be found, 
however, in practice, that when the velocity head exceeds that 
covered by the range of a 13-inch tilting manometer, the use 
of an ordinary U-tube water gauge will probably give sufficient 
accuracy In most Cases. 
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An important consideration in connection with the tilting 
manometer is that it is an absolute standard which does not 


require calibration against another manometer. Of the dimen- 
sions which determine the reading for a given applied pressure 
difference, two, viz. the pitch of the screw thread and the 
distance of its axis from the line joining the fixed points, can 
be made to size sufficiently closely to limit errors in the readings 
to less than 0-1 per cent. The third important dimension, 
that is, the distance between the cup centres, cannot be made 
to a given size with such precision, but can be measured by 
calipering to 0-o1 inch without difficulty. With careful work- 
manship the overall accuracy of the instrument should be 
within 0-1 per cent. over the entire range. 

If this degree of accuracy is required at the higher pressures, 
a small correction must be applied to the readings in this part 
of the range. In equation (1) the product ¢d represents the 
height / in inches through which the micrometer screw moves, 
that is the vertical distance by which one point on the movable 
frame is raised or lowered above another point, which does 
not move vertically. The assumption underlying equation (1) 
is that the length of the line joining these points is constant 
and equal to /,, the distance between the axis of the micro- 
meter screw and the fixed axis of rotation of the tilting 
frame. Actually, of course, the length of this line on the 
moving frame, i.e. the “ leverage,’’ is not constant, and only 
has its value assumed in equation (1) in the initial position. 
As the micrometer screw moves, its point slides along the 
hardened steel surface on the moving frame with which it is 
in contact, so that the leverage changes. It is easy to show 
that the true leverage for the reading d in equation (1) is 
V1.2 + ¢#d? instead of /, as is therein assumed, so that the true 
pressure difference is obtained from the equation, 


p td = 


The error incurred by using (1) instead of (2) is only 1 per cent. 
when td = 1-4 inch, and decreases as td becomes smaller re- 
latively to /5. 

The necessity for applying this correction can be entirely 
avoided if the upper end of the micrometer screw terminates 
in a horizontal, hardened, flat surface instead of in a point, 
and a hardened steel ball, fixed to the moving frame and resting 
on the flat end of the micrometer screw, is substituted for the 
plane bearing surface. The leverage will then be constant and 
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equal to /,, the. distance 
between the line joining 
the two fixed left-hand 
points (FF in Fig. 51) and 
the centre of the steel ball. 
The latter will now simply 
slide on the fixed end of 
the micrometer screw. 
With a _ microscope 
having a magnification of 
20 or 30 diameters the 
tilting manometer as de- 
scribed will be sensitive 
to pressures of less than 
0-001 inch of water, which 
means that when this in- 
strument is used with an 
ordinary Pitot-static tube 
a wind speed of 10 feet per 
second can be observed 
with an accuracy of about 
2 per cent. By a modifi- 
cation of the glass-work 
the sensitivity can be 
greatly increased, unfor- 
tunately, however, at the 
expense of ease of mani- 
pulation and rapidity of 
working. The alteration 
consists in cutting the 
horizontal limb of the U- 
tube and connecting the 
two parts to a central 
vessel, one part being con- 
nected to the outside of 
this vessel near its lower 
end and the other being 
bent vertically upwards 
and passing up into the 
centre of the vessel. The 
modified arrangement can 
be seen from Fig. 52 which 


illustrates the glass-work of a manometer constructed on these 


lines, and from Fig. 


53 which shows a complete instrument. 


It will be seen that the metal frame is of the type previously 


desc ribed. 
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This design of glass-work was first suggested by Chattock.* 
The vertical tube in the central vessel extends upwards tot 
some distance as shown and is cut off square and ground. 
Distilled water is poured into the lower parts of the two cups 
and the central vessel, and into the upper portion of the latter, 
completely filling it, is admitted a quantity of medicated paraffin 
(““ Nujol ’’), by the aid of the filling reservoir and tap shown in 
the diagrams. The paraffin does not mix with water, and 











Fic. 53.—Chattock manometer (26-inch cup centres). 


two well-marked surfaces of separation are formed, one outside 
the vertical tube in the interior of the central vessel and one 
within this tube. The liquid levels are adjusted, by regulating 
the quantities admitted, so that one surface of separation is 
formed on the open end of the central vertical tube, and has 
the appearance of a bubble resting on the mouth of the tube. 
If now a pressure difference is applied to the two end cups 
this bubble tends to become larger or smaller and its move- 
ment, which can be followed by suitable illumination from 
behind and microscopic observation, is arrested by giving an 
appropriate tilt to the frame by means of the micrometer screw. 

Instruments of this type, having cups whose centres are 
13 inches apart, are sensitive to pressure differences of the order 
of o-o0o01 inch of water, the increased sensitivity being attri- 
butable to the fact that the motion of the liquid is observed 
in a narrow tube instead of in the relatively wide end cups. 


* Phil. Mag., 1901, p. 83. 
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Subject to neglect of surface tension effects, the motion of the 
bubble for a given pressure difference will be greater than the 
motion of the surface in one of the end cups in the ratio, approxi- 
mately, of the area of the water surface in the cup to the internal 
area of the central tube. With a microscope of given magnifi- 
cation, therefore, the sensitivity of a Chattock type of mano- 
meter will be greater in this ratio than that of an ordinary tilting 
manometer. Actually. surface tension effects are by no means 
negligible, and reduce the sensitivity considerably. Neverthe- 
less, as will be seen from a comparison of the figures quoted, 
this instrument is considerably more sensitive than the plain 
tilting manometer. Its chief disadvantage from an engineering 
standpoint is that, particularly with fluctuating pressures, the 
surface of separation is easily broken, in which case measure- 
ments have to be interrupted whilst a fresh zero setting is 
taken. Further, small zero changes may also occur as the 
temperature alters, on account of the different coefficients of 
thermal expansion of the water and the paraffin. A modifi- 
cation to eliminate this zero creep has recently been introduced 
by W. J. Duncan,* and for further details of the Chattock 
gauge the reader is referred to this paper and an earlier one 
which appeared in Engineering in 1913.t 


* Journal of Scientific Instruments, vol. iv., 1927, p. 376 
+ ‘‘ The Chattock Tilting Manometer,”’ J. R. Pannell, Engineering, 
12th Sept., 1913, p. 343 
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THE HANDBOOK OF INDUSTRIAL INSTRUMENTS 
M. F. Béhar* 
CHAPTER XV 


Speed and Acceleration 


Continued 


Installations, etc. 


(d) Tachometer Drives 


Addendum—Section 2 appeared in July numl 
Standardized Fittings for Tachometer Shaft Drives 


Thanks especially to the automotive industry, the development of flex 
ible shafting for tachometers has reached at last the point where users cat 
place entire reliance on its durability. There are several gr ides, however 
but the difference in cost is so compari itively slight that none but the best 
should be used to drive industrial [ tachometers, Today, high-grade flexible 
shafting can be expected to outlive a tachometer. This shang so, there 
would seem to be no necessity for going into details of construction of the 
various types of flexible shafting, beyond mentioning the new ball-bearing 
type in which the flexible core, constructed of 17 strands of music wire 
wound and counterwound in compact form, is suspended in ball bearings to 
minimize friction, insure steadiness of pointer indications on non-fluctuating 
speed applications and prevent al! chances of disconnection from the 
instrument. The only important precaution that has to be observed with 
regard to installing the flexible shafting itself is to avoid very sh irp bends 
anywhere and to avoid even moderately sharp bends within a few inches of 


either terminal. 


Apart from the selection and installation of the shafting itself, however 
most applications present some installation problems for the solution of 
which there have been developed various modernized and standardized 
fittings. These should be used in prefe rence to dian home-made contri 
vances often devised for lack of knowledge of the availability of fittings t 
meet all nespuixements. Most readers know that an automotive speedom 
eter and drive assembly, for example, which gave satisfactory service on 
one vehicle is liable to go wrong when removed and inexpertly installed on 
another. Some industrial tachometers fail to render good service for no 
other reason than neglect of those important “trifles,” the drive fittings 
A few standardized fittings (Barbour-Stockwell Co. Instrument Dept.) are 
shown on page 542. The term “fittings” is here used to denote all such 
devices but in the trade it is applied to the standardized cable terminal and 
engine connections such as S. pa E., Reliance, or U.S. A. C. S. Fig. 560 
shows one flexible shaft coupling of the straight type. Such couplings are 
made up with various standard ends. Fig. 561 shows a straight type single 


& 


*Engineering Editor 
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STANDARDIZED TACHOMETER DRIVE FITTINGS 
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idapter which is made up in no fewer than fifteen different models with 
eight different speed ratios and with various standard cable end and engine 
end fittings. Figs. 562 and 563 show right-angle type single adapters, of 
which these are respectively eight and six models which come with various 
cable, engine and instrument fittings. The latter is especially designed fot 
Q0-degree turn at the instrument head. Fig. 564 shows a dual adapter 
whereby two instruments may be driven from the same speed take-off 
It is made up in seven models, in ratios of 1:1, 114:1, 1:2 or 1:3 and with 
various cable and engine fittings. Figs. 565 and 566 show two pinion drives, 
1 straight type single and a right angle type single. Each is made up in five 
models with various ratios, etc. Fig. 567, 568 and 569 show three forms of 
attaching brackets, the last being shown with a straight type sin 
drive. 


gle pinion 
1 — ‘ ‘6 
There are so many such specialties on the market that it is worth while 
| ; - | 
investigating their possibilities before experimenting with homemade ot 
non-standard devices of dubious serviceability 


12. Rotating U-tube 


This Section belongs with the others on centrifu 


nchusiIve wrnicn appearea in the Augu t number 


This class utilizes the same principle as that of the rotating liquid cup 
discussed in Section 11, but its actual construction for industrial speed 
measurement purposes is a far cry from the simple glass cup. 

Although generally known as a Utube, the principal element of tachon 
eters of this class is a W-tube or a double U-tube (LU ) with three legs 
instead of two. The principle remains that of the U-tube for measuring 
differentials: As the speed increases, mercury is forced outwardly from 
the axial leg to the revolving leg. This revolving leg is simply duplicated, 
so that it consists of two tubes instead of one, and the symmetry of the 
design results in dynamic balance, smooth running, and minimized wear. 
The level of the liquid in the center tube falls in proportion to the speed 
ind a float transmits this motion to an indicating dial, to a recording pen 
or to both. Fig. 570 shows the general view of a mercurial U-tube tachom 


eter made by the Amthor Testing Instrument Co. This instrument 
stands 40 inches high and its recording mechanism has a 6inch diameter 


drum which takes a 24-hour chart 19 inches long and 514 inches wide, with 
a scale 41% inches high. 

Characteristics. (1) Rotating U-tube tachometers with floats measure 
speed continuously. (2) They can measure speeds over the widest range 
of any centrifugal class without need of gear shifts. Measurement starts 
practically at zero and the U-tube may rotate at up to 4000 r.p.m. While 
mechanical weight centrifugal classes are limited in their ranges of accurate 
measurement to a ratio of 1:4, or at most 1:12, the mercurial class will cover 
as wide a range as 1:400. In other words, for a scale graduated up to 4000 
r.p.m., and without any gear shift, the lowest dependable graduation on a 
fly-ball, tilting-ring or cross-pendulum tachometer scale would usually be 
1000 r.p.m. and at best about 100 r.p.m., whereas this class would have 
scale starting at zero and on which a speed of 10 r.p.m. could be measured 
with a limit of error as small as that in other regions of the scale. (3) The 
temperature coefficient is usually almost negligible because it is the dis- 
placed mass that varies with the speed, so that since this mass varies inverse 
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ly with temperature for equal volumes, and since the height in the outer 
. 

legs varies directly with temperature for equal speeds, there is what nearly 
amounts to an automatic self-compensation. Other temperature effects are 
negligible. (4) This class can only be made up in stationary tachometers. 
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(5) It is only represented on the market by comparatively large instru 
ments. (6) Indications are steady. Slight rapid fluctuations in the measured 
speed are damped, and there is nothing to resonate at any frequency. 
7) Lag is therefore appreciable but is is like true “thermometric lag’ which 
does not affect sensitivity, rather than a form of sluggishness. The ulti 
mate sensitivity of a large indicator in good condition can be within 5 r.p.m. 
on a 0-4000 r.p.m. scale 15” long. The ultimate sensitivity of a recorder will 
depend on its construction and condition. (8) Accuracy depends in an 
indicator on the care with which the scale has been hand-calibrated. With 
the usual large scales the limit of error should not exceed 0.5% at any 
point. In the case of recorders where the float motion actuates the pen 
directly, the accuracy of recordings on standard printed charts will depend 
on the workmanship—the skill of the glass blowers in following the correct 
design of the U-tube, etc. (9) Adiustments are seldom necessary, in view 
of essential simplicity; care and maintenance are simple; most repairs, 
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however require manufacturer's own service. (10) No remote-reading 
systems; no multiple-indications. (11) Direction of rotation immaterial. 


Fig. 571 is a schematic diagram of the Amthor instrument. The con 
struction consists of a U-tube U with a center float tube C containing mer 
cury to the zero level as shown in the sketch. Centrifugal effect forces 
the mercury into the outer legs of the U-tube, thus lowering the mercury 
level in the center float tube C. Float F follows the lowering mercury level 
of center tube, taking rod R with it. This movement of rod R is trans 
mitted to the indicating pointer I through a rack and pinion, and to the 
recorder drum D through pen P. 

The legs are so shaped as to decrease the radius of the circle described 
during rotation. This insures graduations nearly uniform over the scale. 

There is so little clearance between the inner wall of the float tube C 
and the float tube itself, and the bore of the U-tube is so small, that there is 
no appreciable effect of the tendency of the mercury surfaces to assume 
the shape of a paraboloid of revolution. 


18. Positive Pump Tachometers 

This class is not represented at present in the United States by any com 
plete commercial instruments that can be ordered from stock, and hence the 
discussion can be cut short. In general this class can be broadly divided 
into two types: the positive displacement pump tachometers, which em 
ploy the method of measuring speed by measuring the volume pumped pet 
unit of time, and all others. These others would seem to belong in Section 
13 but the flow of liquid is a factor here, whereas there is no flow at all in 
the self-contained centrifugal instruments such as the one described in 
Section 13. 

Volume-pumpage or positive displacement pump tachometers, as implied 
by these terms, consist of a piston or other positive pump and of a rate-of 
flow measuring instrument. This type therefore may be said to include all 
installations where advantage is taken of the fact that a positive displace 
ment pump—not bought especially for tachometric use but already in 
service for another purpose—truns always at a speed which varies exactly 
with the speed which has to be measured. On all such industrial ap Pi ica 
tions any suitable rate-of-flow meter can be installed ind calibrated in 
r.p.m. of the machinery. 

In one tachometric model, the Boyer, which is said to be used to a con 
siderable extent in connection with locomotives, the pump, of the two-geat 
type, which is small and which has a positive volume displacement when 
handling light oil, is driven by gears, eccentric, or crank. The rate of flow 
of pumped fluid is measured in the following manner: the oil is forced into a 
inline: where it displaces a piston against the pull of a spring. The oil 
escapes through an adjustable slot in the side of the cylinder. Since the 
volume delivered by the pump varies as the speed the piston must move 
upward to increase the size of the slot and the pressure to an extent sufficient 
to let the increased quantity pass. This device is subject to errors due to 
temperature and viscosity changes in the “acre The mechanism itself must 
also be watched to guard against pump leakage, stoppage of the variable 
orifice, etc. 

In other models of this volume pumpage type, air or other fluids are used 
with suitable types of displacement pumps. The range of operation should 

; 


2 , ' ' 
be over the upper 75 per cent of the scale. All bearings should | 
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lubricated. The accuracy depends upon the slip of the pump, the ten 
perature, the viscosity of the liquid, and the freeness of the orifice, together 
with the accuracy of the measuring column or other form of flow meter 
iffected by temperature, etc. 


These devices would seem to be dependable enough for exacting indus 
trial purposes, but not accurate enough for applications where the limit of 
error should not exceed 3% of the scale range. It is worthy of mentior 


here that while this type was listed in the abstract of the A. S. M. E. Cod 





Part 13, Speed Measurement) published in Mechanical Engineering, April 
} § § 
1929, page 311, it was altogether omitted from the approved pamphlet 
pag g PI I I 
Part 13 which was issued in 1931. 


From among “all others” we select as type example the Autographic 
Pump Tachometer, which is used for the testing of governors where ex 
treme accuracy is required. This device, of which a set-up is shown in Fig 
572, was developed by Engineers of the So. Philadelphia Works, Westing 
house Electric & Mfg. Co. As mentioned above with regard to all tachon 
eters of this class, this one is not a regular stock model available com 
mercially, but it is interesting enough to rate a description here, and the 
following is abstracted from the aforementioned A. S. M. E. pamphlet: 


This tachometer consists (see Fig. 573) of three main elements: the tachometer pump, t! 
indicating mechanism, and an auxiliary or return pump. The tachometer pump is connect 
to the shaft the speed of which is to be determined. Oil is supplied to the pump from 
reservoir in which a constant level of oil is maintained by means of a float. The discharge 
this pump is connected to the indicating mechanism which essentially consists of a pilot valv 
responsive to changes of oil pressure, and a power piston under the control of the pilot valve 
The motion of the power piston is transmitted to indicating and recording instruments | 
means of piano wire. To eliminate sticking and high static friction, the pilot valve works ir 
rotating bushing, which is driven by a motor. Pressure from the tachometer pump acts 
the pilot valve piston just above the main spring and damper. The load on this is balan 





by the main spring, against which is also acting the load due to the compensating spring of t 
pilot valve 

Upon change of speed, the increased pressure from the tachometer pump acts on the pil 
valve piston, unbalancing the pilot valve, which moves until the spring load again balance 
the pressure his admits oil to the power cylinder from the auxiliary pump, displacing tl 


wer piston. The movement of the power piston increases or decreases, as the case may be 
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19. Miscellaneous Tachometers 
: 
There are of course many tachometers utilizing principles of speed me 


urement different from those to which sections have been 
chapter, and their num 


me 


ber 


(a) Inertia Wheel Tachometer 
The Cowey (British) inertia wheel tachometer ts 11 


1utomotive service. 


rotated by impulses from a pawl mounted on a crank « 


It embodies a milled edge wheel 


The wheel is drawn back in the direction of the zero 


spring, but owing to its inertia the wheel only travels 


increases fr mm. year to year, I 
industrial interest or of no interest to American engineers 
nts stand out sufhciently to be included. 


nis 
ut most are of little 
Two instru 


red 
issigoned 1n t 
‘3 


tended primarily fot 


Fig. 574*) which is 
m the driving shaft 
top by a restraining 
1 


distance 


certain 


in the interval of time intervening between two successive impulses. Wher 
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a steady state has been attained the backward motion between the impulse 
must equal the forward movement caused by an impulse. If the speed « 
the shaft increases, the impulses occur at more frequent intervals and th: 
forward motion by an impulse is not entirely wiped out by the backwar 
movement in the interval before the next impulse, so that there is a pro 
gressive forward motion of the wheel until a position is reached such that 
the increased torque due to the restraining spring is just sufficient to caus: 


ConsTant Speen Disc 





the wheel to slip back by an amount exactly equal to the forward movement 
caused by an impulse. There is therefore a definite mean angular positior 
for each speed, and the pointer is arranged with sufhcient play to eliminate 
the oscillation of the wheel, while indicating this mean reading. The 
instrument is sensitive to fluctuations in the drive if this is of the flexible 
type, hence the drive should be of a type such as to avoid torsional oscilla 
tions. 


(b) Friction-disk Tachometers 

The Behrens (French) instrument is of this type. A bevel gear, driver 
from the engine in one direction only, causes the rotation of a ball-governor 
mechanism, which rotates at a definite speed a large friction disk, as in a 
phonograph. The bevel gear also drives through a train of gears a pinior 
secured to a hinged quadrant. By the rotation of this quadrant a small 
carriage, carrying a small friction wheel, moves radially across the face of 
the large friction disk controlled by the governor. The pinion carried by 
the quadrant and meshing with the gear driven from the flexible shaft is als 
connected by gearing with the small friction disk. The pinion when drivet 
by the friction disk tends to carry the quadrant in one direction and the 
engine-driven gearing tends to turn the quadrant in the opposite direction 
When these actions are balanced, i.e., when the speed due to engine drive 1 
correlated by positioning the radial-friction disk to a determinate surfac« 
speed of the constant-speed disk, the quadrant arm takes up a definite pos: 
tion which is indicated by the instrument pointer. The principle is show: 
diagrammatically in Fig. 575*. The pinion A driven from the engine drive 





*Illustration, and abstracted description, from “Engineering Instruments and Meters” by E. A. Griffiths, ‘ 
Routledge & Sons, London. 
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hrough gearing a small friction wheel B running on the constant-speed disk 
). The wheel B is positioned on the disk D so that its rotational speed due 
) the disk D is the same as that due to the engine drive. This action 1: 
\dicated as being performed by a screw thread, although the actual instru 
ent achieves the result by epicyclic movement. The position of B is then 
ndicated by a pointer H. Instruments of this type are simple and are said 
) be accurate when in good condition but their accuracy is impaired after 
prolonged use. The employment of friction disks is generally objectionable 


Fig. 576 Fig. 577 


20. Frequency Meters 


Although frequency is almost synonymous with speed it connotes the 
time rate of recurrent events rather than the rate of motion. The vibra 
tions of machinery, the alternations of electrical phenomena, etc., are ex 
pressed as frequencies and not as speeds. Measurement of mechanical 
frequencies or vibrations is discussed in Section 21. This section deals only 
with electrical frequencies, and only with industrial frequency meters that 
are related to the control of speed of machinery in plants and therefore 
belong in this chapter on speed measurement. Special high-frequency 
measurements, as in radio work, are excluded. Theoretical details are also 
relegated to the chapters on electrical instruments. 


Frequency Bridges—The basic principle utilized in this general type of 
instruments is that any bridge in which the balance depends on frequency 
may be used to measure frequency. Fig. 576 shows one form. The bal 
ance conditions are 

R,_ R; 

= = and l L,Cyw* OU 

Ro Rg 
where the R’s are resistances, L an inductance, C; a capacity and w the 
measured frequency. The AC balance is independent of the resistance 
ratios and therefore the galvanometer scale can be calibrated in c.p.s. by 
using a variable inductance or capacity. 


Leeds & Northrup Recorder—The circuit of this instrument, shown in 
Fig. 577, is that of an impedance bridge, two of the arms consisting of non 
inductive resistances together with mica condenser units. One of these 
latter arms contains a non-inductive resistance in parallel with a mica con 
denser, and the other arm contains a non-inductive resistance in series with 
amicacondenser. The balance point of such a bridge is extremely sensitive 
to changes in frequency. The manganin resistance units are of L & N 
standard construction and the mica condenser units are identical with those 








Page October, 


used in standard mica condensers. The resistance units have a temperatur 
coefhcient less than .002 percent per degree C and the condenser units « 
less than .01 percent per degree C. 


The arrangement constitutes a balanced or null bridge in which changes 11 
line voltage or changes in sensitivity of the galvanometer cannot affect th 
accuracy. The only contacts in the bridge are in the galvanometer circuit 
where variation in contact resistance can cause noerror. The two movin 





contacts are mechanically connected and move together. One of these 
moves over a compensating resistance which makes the balance point in 
dependent of the phase of the current in the field coil. 

The instruments are of standard L & N recorder form, similar in appearance to the spee 
recorder shown in Fig. 550. The galvanometer performs no work, a motor being used t 
move the recorder mechanism and to operate automatic control contacts (see Section 26) 

Three ranges are regularly listed: nominal 25, 50 and 60 cycle circuits, all at 110 volts. F 
higher voltages, transformers are required. The power for operating the recorder mechanisn 
and for driving the chart is obtained from a 110 volt, synchronous motor. Thus the chart 
drive on all recorders connected to one system will be at the same speed, even though ther 
are departures from normal frequency. This permits a rigid intercomparison of the recor 
obtained at different points on the system 


The charts come in 50-yard rolls, have rectilinear coordinates and are 10 inches wid 
The standard 25 cycle chart has a range of 24 to 26 cycles. The chart for a normal 50 cycl 
circuit has a range of 48 to 52 cycles and the chart for a normal 60 cycle circuit has a range of 
58 to62 cycles. The chart speed in all cases is 13¢ inches per hour. 

Leeds & Northrup Indicator—This is a new 9-inch round case switch 
board instrument utilizing the same principle as the recorder and employing 
the same elements. 


Esterline- Angus Recorder—This instrument, of which the portable form 
is shown in Fig. 578, utilizes a different general principle, the meter element, 
shown in Fig. 579, being of the dynamometer type. The moving system 
consists of armature coils mounted one above the other on a staff in planes 
approximately 90 degrees apart. One coil is excited by means of a current 
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ssing through a condenser; while the other coil is excited by current 

ssing through an inductance. When the frequency increases the im 

dance of the condenser decreases, permitting more current to flow 

rough the coil connected in series with the condenser. At the same time 
the impedance of the inductance increases, reducing the current passing 
through the other movement. The result is that one movement becomes 
tronger and the other weaker. Since the moving coils are placed at 90 
egrees to each other, they are caused to take up a new position where the 

rque of the two halves of the movement will again be in balance. 

The upper and lower half of the movement operate in opposition to each 
ther. As the instrument staff has no controlling springs, the pen takes a 
osition fixed by the relative torque of the two halves of the moving element. 

Since both the inductance and the capacity are affected alike by changes 
in voltage, the instrument is relatively free from errors due to changes in 
voltage. Of course, if the voltage is greatly reduced, the torque may drop 
to a point insufhcient to move the pen across the chart, but the instrument 
is accurate with voltages 20% below or above normal. 


The scale is 55-65 cycles, readable to 1/10 cycle. It is wider than those 
commonly used, especially below the normal values. This makes it possible 
to record the frequency during periods of serious disturbances when the 
frequency drops considerably. “We have found that there is no gain in 
accuracy by narrowing the range in order to increase the pointer movement 
for a given change in frequency, as the inherent errors are increased in the 
same proportion.” 


Frahm Resonance Type (James G. Biddle Co.)—This type is also known 
as the vibrating-reed type, which designation is descriptive of its construc: 
tion. The measuring element consists of a row or “comb” of thin nickel 
plated spring steel reeds, each about 1in. wide, rigidly fastened at one end 
toa bar of “bridge,”’ their other ends bent at right angle and free to oscillate. 
Fig. 580 is a top view of this measuring element and Fig. 581 shows an 
individual reed and the cross-section of the bridge. Thus far, this is the 
vibration tachoscope (Section 21) but for electrical frequency measurement 
the bridge is attached to the armature of a small electromagnet mounted 
close to it. When the instrument is connected across the circuit the fre 
quency of which is to be measured, the current, after passing through a 
series resistance, excites the electromagnet which thus imparts to the arma 
ture one impulse for each cycle of current if the core of the electromagnet is 
a permanent magnet, and two impulses for each cycle if the core is of soft 
iron. That reed which has a natural period equal or nearly equal to the 
frequency of vibration of the armature will respond most vigorously, thus 
providing a visual indication. Nor recorders are available. The fre 
quency instruments are of similar appearance to the tachoscope shown in 
Fig. 583 but most of them have two rows of reeds, 62 altogether instead of 
31. The greater the number of reeds, the more closely is it possible to 
interpolate. Ordinarily, the range of a single instrument should not extend 
beyond one octave so that harmonics will not cause two groups of reeds to 
vibrate, but a range-doubling device, consisting of an additional electro 
magnet with a permanent magnet core, gives a range of two octaves for one 
instrument. The value of the interval between frequencies of adjacent 
reeds is governed by the scale value and by the desirability of obtaining 
clear indications of small changes in frequency without having too many 
reeds in vibration. Below 30 cycles, for example, one reed is provided for 








approximately YO degrees apart. Une coil 1s excited Dy means OF a Current 


Page 55: INSTRUMENTS 








| } } | 
| 1) | fen tonts ‘nla if 
LUNN bocca clot ot oie 


4-4-4 





p4pti t,t 
PRRKERE 

bat | ttt | a Fd He tt Ft P| 
—— > 


CUZ Leg LLL 








/SRSRRERRERST ACRE ESSeeaeeeeeeeE 
ee LO aoe 


’ 


REVOLUTIONS 


RESON ANCE 
OR 
VIBRATING 
REED 

READING = 60.0 INSTRUMENTS 
56 58 60 62 64 





READING = 60.! 





REAOING<60.25 


I ig. 586 














ber, 1931 INSTRUMENTS Page 553 


ry quarter-cycle, whereas for ranges approximately 120 to 200 there 
iid be one reed for every twocycles. Contrary to usual belief that this 
ne indicates only certain fixed frequencies, interpolation is easy, as is 
lained in the following statement by the makers 
On first consideration it may seem that this method of indication is capable of giving 


Its only in an intermittent, step-by-step fashion, as the number of reeds in one instrument 


turally limited, so that (apparently) indications depend on the chance of the frequency 
¢ measured corresponding exactly to that of one of the reeds in the instrument. In prac 
this is not the case. The vibration of each reed is not confined to one mathematically 
t value, but extends over a certain range of frequency. Vibration begins at about 2% 


w the exact value to which the reed is tuned, reaches its maximum at the exact value, and 

tends to about 2% above that value. Therefore more than one reed usually is in motion, 

| from the respective lengths of the bands formed by the vibrating-reeds across the scale 
j 


»ning the exact value of the frequency may be estimated down to one-fourth of the interval 





hetween successive reeds Reference to the three different SC ile images 1n Fig 585 will 
nake this feature clear. On the upper scale the reading is evidently 60. On the lower 
scale, the reeds indicating 60 and 60.5 are vibrating equally, so that the reading is half way 
hetween these two values,—that is, 60.25. Referring to the middle scale, it will be seen 
hat the reed indicating 60 is vibrating more than any other, so that the reading is therefore 
nearer to 60 than to any other scale division. Furthermore, the reed indicating 60.5 is in 
next greatest vibration, so that the reading is again between 60 and 60.5. However, the 
reed indicating 60 is vibrating with an amplitude about three times that of the reed indicating 





1 of one 


60.5, so the reading is now one-quarter way from 60 toward 60.5 instead 
That is, the reading is 601% or approximately 60.1.” 

The accuracy of each individual instrument depends on the tuning of 
every reed in its comb, so that any statement giving the definite limit of 
error of this type would seem to berash. It is certain, however, that severe 
service makes an individual reed lose its calibration so that each instrument 
tends to lose its accuracy first at the very region of its scale which includes 
the normal value of the measured frequency. 


Stroboscopic Frequency Meters—Certain forms of stroboscopes can be 
used for frequency measurements. See Section 22. 


21. Vibration Tachoscopes 

In this class of speed measuring instruments, exactly the same principle 
is utilized as in the resonance type of AC frequency indicators, but the 
excitation of the reeds is purely mechanical. An important characteristic, 
therefore, is that the instrument must be placed in mechanical contact with 
the machine the speed of which is to be indicated. When a machine is so 
well balanced as to vibrate almost imperceptibly, the instrument may be 
mounted on a special bracket and with an amplifying attachment, see Fig. 
584. The range of this class extends from about 800 to about 12,000 r.p.m. 
The range of an individual instrument should usually be limited to one oc 
tave, that is, its scale should be such that the value of the highest graduation 
will not exceed twice that of the lowest. Figs. 582-3-4-6 show various 
forms of the Frahm instruments (J. G. Biddle Co.) for different purposes. 
The hand tachoscope shown in Fig. 582 weighs 20 ounces; the regular 
inch case instruments, Fig. 583, come with one or two rows of reeds; the 
new rectangular form, Fig. 586, saves space. Indicators made up with one 
row have 31 reeds, those with two rows have 62. 

The ultimate sensitivity is usually one-fourth the interval between 
idjacent reeds. See discussion in small type in Section 20. 

As to accuracy, the same remarks made with reference to resonance 
frequency indicators apply here, and there must be added mention of the 
fact that whereas it is possible to regulate the voltage and hence the am 
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plitude of vibrations in the electrical type by means of a rheostat 
circuit, it is more difficult to guard against excessive vibrations in 
all al : Leva therefore provide snecial padded d 
mechanical class. The makers therefore provide special padded dal 
} ] 1] } ] > eam 
vars. Initial accuracy is usually well within 20 r.p.m. for low ranges, 
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within 2% of the measured value for high ranges. 














24. Measurement of Differential Speed 

On several classes of industrial application, of which the manufactur 
paper is an example, it is necessary to measure the difference between t 
speeds of two related pieces of machinery in addition to measuring t 
speed of one or both. In some cases the differential is a more import 
factor than the speed, and must be measured continuously. 
Electrical means of measuring this difference afford by far the wid 
applicability to industrial machinery. The principle of measurement 
simple, consisting usually in the opposition of emf’s. The generators, 
the indicating and recording instruments themselves, are exactly like th 
described in Section 15. Potentiometer recorders in particular have b 
used with satisfactory success. 


Mechanical instruments are somewhat more limited in their applicati 
One such device, for differential between two rotating parts, is show! 
herewith. Fig. 587 is the front view in part section and Fig. 588 is the t 
view, also in part section.* This indicator operates on the differenti 
principle. It is equipped with two cylindrical rollers; one roller is show: 
A and the other is located in a similar position on the opposite side of t! 
vertical center line. The axis of the roller shafts are in the same vertic 
plane, and on the ends of these shafts are mounted belt pulleys C. The 
pulleys are connected with the shafts the relative speeds of which are to 
compared. Each roller A is in contact with a spherical steel ball B thr 
inches in diameter. The ball is held in position by a small stop D at the rea 
and by a small roller E at the front. This roller is mounted on an arm fixe 
to a spindle which is free to rotate and to the outer end of which is attache 
the pointer F. When both the supporting rollers A are driven at the sat 
speed and in the same direction, the spherical ball will rotate about a tra1 


Illustration lescription from “Ingenious Mechanism for D 
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se horizontal axis and will carry the wheel E vertically uy down, as 
case may be. The direction of movement will be indicated by the 
inter F. 
£ either of the supporting rollers runs faster than the other. the ball 
fr either < le suppK Ing rollers runs faster than the tner, the Dal 
ii naturally turn so that 
t 


rti 

; “Speer een 
| rotate about some inclined exis and wheel E will 
rotates. This instrument 
For instance, 


ixis is parallel to that about which the sphere 





said to be very sensitive as an indicator of speed variations 
1 j 1 } 
s claimed that a difference in the speed of rollers due to a variation of 
° ] 11 | 1 j { 
01 inch in the diameter of driving pulleys having a nominal diameter of 
| : 
inches can be detected 
This Chapter will ncluded in the November issu 
n wnicn tne f Hi wi ctr Wihh y 
22. Stroboscope 
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25. Accelerometer 
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NEW INSTRUMENTS 


Recently Developed by Instrument Manufacturers 
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New Vacuum Thermocouple for 
Alternating-Current Reading 
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and cover, to shield it from light and from sudden temperature changes when it is to be us 
externally 
Frequency errors in the audio-frequency range (up to 10,000 cycles) can be neglecte 
using the instrument. For the best accuracy in the radio-frequency range, the couples shi 
be unmounted. In most cases, the thermocouples are sufficiently accurate on direct curr 
without taking the average of direct and reversed readings 
le change in the calibration of the thermocouple if the maximum safe current 
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Thermocouple Potentiometer 


NEW type of thermocoup! 


ple potentiometer has been announced by the General Elect 
Company for accurate temperature measurements -signated ype PJ-1, the ir 
strument works on the principle of a fixed current through a variable resistance, the unknown 
e.m.f. being balanced against the voltage drop of a variable current through a fixed 
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New Flow Instruments 
(C. J. Tagliabue Mfg. Co.) 
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The TAG balancing control featur: 

incorporated as standard equipment 
insures full-floating action of the 
phragm valve and entirely elimir 
over-control tendencies and “huntir 
This development furnishes 100% 
matic control by its ability to maint 
the diaphragm valve opening at the 
quired demand point over the full rat 
of valve opening. It also permits t 
operator to change the setting point 
where within the range of the controll 
without fear that the controller will 
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Novel Automobile Timepiece 





’ ‘HE Jaeger Watch Company, In 
just announced the addition to 


dQ 





line of a new and quite novel 8 day aut 
mobile timepiece. This timepiece, know: 
as the Jl JMP hour clock, tells at a gl if 
the exact time in hours and minutes. 

The JUMP hour clock comes in either 
dull nickel or chronium case, which is set 
off by a beautiful silver rippled dial. T! 
case is so constructed that overhead i1 
stallation above the windsheild is quick] 


accomplished. From. thi 








vantage point the time is not only avail 





able to the driver but to every car o 











cupant. 





>—eo~~ 


The following appointments are announced by A. D. Rose, general sales manager of Jas. P 
Marsh & Company, Chicago: 

Wm. J. Carney, of White Plains, N. Y., as representative in the Westchester, N. Y. district 

Geo. V. Hepburn, Grand Rapids, Mich., as representative in Grand Rapids territory. 

F. G. Hartley Company, with offices in Seattle and Tacoma, as representatives in the State 

of Washington. 

WM The Marsh Company: which is a division of the Commercial Instrument Corporati 
Chicago, manufactures steam specialties, and industrial instruments. 
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Air Operated 
Recorder 


Controller 


HE Bristol Company is offering a new 
line of air operated recording control 
lers, employing a “Free Vane” as the initi 


r of control, which is a new departure ir 


: 
perated control 


The “Free Vane" is attac hed to and actu 
te by a measuring element ofa temperature 
r pressure recorder and moves between tw 
ir iets with stream lines coinciding and 

placed opposite each other. In passing int 

these air streams, the “Free Vane” varies 
he amount of air which escapes from the 
iets, thus effecting control. 


The arrangement and design of the two 


floats between two equal air streams at rig 


ngles to its motion, hence the position 
vement of the measuring elements are not 
The recording device is, therefore, 
free to re-produce the temperature or press- 
ire with complete accuracy 


Control from a frictionless device as described above 
measuring systems. With this sensitive measuring sys 
1 simplicity. 


persensitive 
tem ire Is A lir ited the other 
features of ruggedness and 

The component parts are easily accessible although « 
ntrol is easily set to a visible scale point by means of 


Referring to the sketch (Fig. 1) the operation of tl 
ntroller is as follows 


Air at 15 lbs. pressure is admitted through connection (7) and « hrough filter (8) » 
ne branch leading to an indicating gage (9). The other branch turns to the left and supplies 
ir to the control system. This supply branch in turn divides into two branches, one passes 
hrough an orifice (10) supplying the elastic element (11) and then through a connecting line 


t 


19 


ve (12) and 


through the pilot valve to the indicating gage (14) and outward to the to 


p of the diaphragm 
motor valve (13). 


The air which enters through orifice (10) is dissipated through jets (5 
which may be dissipated through these jets depends upon the position « 
This vane, being directly attached to an elastic element (1) of the I 


D 


moved by changes in the temperature at the sensitive bulb shown in the bath at the lower 
right hand corner. The changing amount of dissipated air at jets (5) and (6) produces a 
pressure change on the elastic element (11) and a consequent deformation which operates 
pilot valve (12) admitting more or less air to the top for operating the diaphragm motor valve 


The elastic element (1) also carries the recording penarm which is attached to the shaft 


y 
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New Federal Forest Products 
Laboratory Building 
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Flush Type Graphic Instruments 


(Esterline-Angus Co.) 


GRAPHIC meter, unlike most other switchl 
A larly, by the renewing of record charts anc 
juires that a flush instrument be entirely accessible 
*n designed so as to require minimum switchboard 


>ss to all the mechanism from the front of the case 


Flush instruments are furnished in both single and twin type case 
1em light and strong. The dimensios 


nl 
th 
tl 


st aluminum alloy, making 


The case castings are carefully finished, filled and rubbed smooth and given two coats of 
dull black enamel baked until hard. The single instrument | loor fitted with a glass 
panel, and the twin has two doors. The doors are fitted with a soft rubber gasket, cemented 
in place, which makes them dust proof. The doors are fitted with automatic latch and pul 
and tubular locks. All case trim is heavily plated and polishe 

The terminals for connecting to tl 
extend through openings in the back 
is on the back of the instrument case, but 

unting. All flush instruments are furnished witl 


1€ instrument 
f th ; 
OF the case 


Flush instruments can be furnished with either spring clo 
r chart speeds of 4, 1%, 3, 
extra cost, either spring o 


er hour and the 
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ag 


F Wi a} 
ietigs he 











inches per second 


As shown in the accompanying illustrations, the chart-drivir 


1 


1g mechanism in these instr 
ee minintele chest cn 
ments is completely assembled on a flat al 
' 


iminum plate, held in pl Thi 


Ace 
plate rests on four milled bases in the corners of the case. By removing the four screws, th 
entire chart drive can be lifted out. Irrespective of the kind of chart drive used, these plate 
are interchangeable, so that one chart drive can be repla another, without disturbir 





the rest of the meter. 
In order to produce a convenient flush 


was necessary to make a clock whi 
can be wound from the front instead of 





n doing this, our designers have g 
} ] > \ t > + > | hi 
further by providing that all three springs are wound at one time, with a small crank. TI 
idds both to safety and convenience 
nd the escapement are omitte 
drive roll are mounted on th 
, 
hand-wound spring is used t 
] ] . 1 + >% ] 2 , >r 
drive the re-roll, as the telechron motor is unsuited to the variable load imposed by the r 
1] 


When telechron clocks are furnished, the sprin 
ind a telechron motor clock is supplied. This a 
interchangeable plates which have been described 











rolling mechanism. Telechron motors can be furnished for either 110 or 220 volt operati 
and for any commercial frequency. 
ws ae ;, bes ' , 
The quick-trip attachment is a motor-driven device which can be attached to a standard 


instrument to give extremely high chart speeds. It is largely used on power circuits for stud 
ing disturbances, the purpose of the high chart speed being to open up the record during 
disturbance. Under normal conditions, the chart moves at sl 





low speed; when the disturbanc 


curs, the chart is speeded up instantly; as soon as the disturbance is over, the meter resets 
the chart to correct time, and resumes operation at normal chart speed. The quick-trip can 


be attached to either single or twin flush type meters. 
All standard measuring elements comprising the Esterline-Angus line of graphic meter 
can be furnished in flush type cases, with the exception of the K. V. A. Meter. 
The complete list includes the following: 
A 





A ( pn cihewn Power ict eters 

A. ¢ D. C. Voltmeter ndenser Meters Speed Re 
A ¢ } re es > 
A. ( 
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p 
New Gage Protector 
(Champion & Barber) 

ff ijmdigea ion gage protector is a rt, bronze ed, ru r bulbe 

sure transmitting instrument, used to t line pressures to ga ecordings 
eans of a secondary, or bulb pressure; said recordings being the result f the mpr ssi 
id secondary bulb liquid by a given line liquid 

Ff struction the C} gage tect I 

















New Temperature Regulator 


(Sarco Co.) 
HIS regulator is of the indirectly operated type, for intermittent service for pressure 


5 to 125 lbs., where the thermostat actuates a small pilot valve wh 


rmost hich admits the pressure 
toa large area diaphragm. This diaphragm, in turn, operates the main val 

The main regulator valve is of the single seated, overbalance 
in the closed position, by a powerful spring. In operation, the main valve is either wide « 
or closed tightly. The regulator, therefore, is es l] 


14 } 


type, held tightly to its seat 





pecially well 








| it 
where no additional heat is required over long periods, as for example in hot water service tor 
wash rooms or showers; for adding live steam to the exhaust in feed t 
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ippile ations. 

While this valve will not throttle, the regu 
lator is very sensitive, since the thermostat 
merely opens and closes a small pilot valve 
ilways of the same size, regardless of the size ot 
the main valve. Very close control of temper 
ature is the result. 

Since the main valve is opened by line pre: 
sure and closed by a spring, the valve will clos: 
if the line pressure should fall below the re 
quired minimum operating pressure of 5 lbs 
thus protecting the thermostat against over 
heating 

The stem of the main valve is packless, being 
sealed by a Sarco seamless corrugated bellows 
There are no stuffing boxes to leak or stick. 
The seats, both of the pilot and of the mair 

2s, are made of hard nickel alloy andre 
The disc of the main valve 
isbestos composition and also renewable. 
OPERATION 

Assuming a standard Sarco thermostat 
for TR-21 attached at “1” and inserted in the 
ipparatus to be controlled, and assuming that 
the temperature of the medium is below that 

r which the thermostat is set,—then pil 

ly 1 exhaust valve “3 


1 


“2” will be open anc 


1g th ‘in the direction of the arrows, 

, tube “6” into diaphragm chamber “*7,”* thus raising 
1 “9” is thus pushed up, opening n 
» is reached. the th 


AC LIC til 


~ 2 


vain valve ““4’° and compressing 
1ermostat closes pilot valve **2’ 
is then exhausted through tube “6,” exhaust valve ‘3 
x a drain line not under pressure. Spring “10° ther 
and steam pressure, being on top of disc, holds it closed 
yaratus requires further heat, the thermostat will reopen pilot 
‘ther cycle of operation will begin 
h its tube connecting to the diaphragm chamber, furnishes a rese 
ool water can come in contact with diaphragm “8. A small 


in top of diaphragm “*8.” 


A. Taylor & Co has leveloped the 
w slide chlorimeter, Taylor swin 
pool set, combination swimming po 
1d chlorine slide colorimeter, for 
f chlorine and pH in water, sew 
wastes, swimming pools, 
g bleaching solutions, etc 
is equipment is molded from Bake 
] 


in 


tl 


] 
works on the slide principle, thus 
, 


combining durability, precision, conven 


ience, and simplicity 

All these sets are similar in constructiot 

1d method of operation. Each consists 
principal parts—the slide and the 


shown in the illustration. The 


ies. It contains 9 color standards 
representing different amounts of chlorine 
or pH values, and 8 ampoules of distilled 
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water, the ampoules of water alternating with the « 
base contains a slot in which the slide may be movec 
of ortho tolidine or phenol red solution, or both, and 
89x 25x11mm. The upper half of the base serves as 
set is not in use and is fastened to the lower part by 


The Enslow slide chlorimeter contains 9 chlorin« 
0.2, 0.3, 0.4, 0.6, 0.8, 1.0 p.p.m. of chlorine 
operations: (1) The 3 cells are filled to the mark (11.5 
placed in the 3 holes in the base. (2) T > centr - 
added and the contents thoroughly mixed The i s 
placed in position on the base and is move 
color match is obtained. The chlorine « 
tront of the slide 

The Taylor swimming pool set is similar in all respe 
except that the slide is divided into 2 sections. The let 
standards (6.8, 7.2, 7.6, 8.0, for pH determination 
standards (0.0, 0.2, 0.5, 0.8, p.p.m.) fo lorine determir 
each of ortho tolidine 

The combination swimming po ol set ci 
an additional slide containing 9 phen 1 
8.2, 8.4). This set allows more precise cor 
the single slide set 

The chlorine slide colorimeter is similar to the En 
test tubes are usec 1 instead of the molded Pyrex cells a 
representing 5, 15, 25, 50, 75, 100, 150, 200, 250 p.p.m. « 
content of s de ys containing 4-5% available chlorine 
termined with an accuracy sufficient f for all practical purposes 

Each of these sets is supplied in a polished wooden 
handle for carrying. The case serves not only to keep all 


form but also to protect the sets from dust and dirt when 


2 


Tension Indicator 
(Martin-Decker Corp.) 


N instrument that is proving of exceptional value f 
is the tension indicator — ra the acc yMpanyin 

to the cable span, measuring the load by the deflection princ 
up slack. The instrument is shown in two sizes; the St urd mod 
on any wire line between 44" and 34” in diameter up t 16,00 10 Ik 
from 34" to 234” diameter up to 260,000 lbs. A definite off 
the two fixed points and the force required to make or n 
gage—a direct indication of the line load. It may be 
load, prior to the application of stress, or during ¢ 
ter the tension in the line at all times. By the use « 


be measured 











The pect of the instrument's operation is as f 
adjustable cl: lamps bring the line to a fixed stop. Bet tween 


projection carried by a pressure plate. This pressure 
I I 


reinforced rubber diaphragm backed up by a body of fluid. 
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iy be directly y transpose .d 
particular advantage is 
“ 1 while nN rena use 
t for determining th 
for testing the holc ling power ol 
It is om used for obtaining line lo 
in fact on any wire line where actual measi 
The “Standard” model is a smaller editic 


has been universally used for years to measure 


> Messengers 
messenger 


J de id met 


' 


It weighs but 114 pounds, complete, ready 

tion and there are no delicate parts in the 

he sa for temperature is easily n I 

gedly built and has no delicate parts so tl 


nstrument 


licat rist 
ible, the load read 


ee 


Photo-Electric Relay Operates Shear 
for Cutting Hot Bars in Rolling Mill 


NE of the new uses of the photo-electric relay is to be found he Lebanon Plant 


Bethlehem Steel Company, Lebanon, Pennsy] device is used in the p1 
cess of cutting hot bars to hot bed lengths of approxima et as the bar passes from the 
last stand of rolls to the hot bed. The desirable features of this device as contra ae with the 
mechanical flag switch, are that it is more readily adjustable along the hot run-out convey 
to obtain accurate lengths of bars sheared for the hot bed that the time element betweer 
the arrival of the bar at the photo-electric tube an mn of the Rendleman shear is 
more_constant than in the case of the mechanical flag. 














The use of an adjustable time relay was first c nsidered, t 
but as it was necessary to provic le for lengths increasing by 
the rod travels at a maximum speed of 1,200 feet per minut 
mum time of 1/40 second and adjustable in similar increments. 

By the use of the General Electric Photo- “el lectric r 
made to operate satisfactorily. 
electric tube, there is enough light emitted from 
through the tube and thus actuate the relay. The photo tube is mounted above the run- 
table at any — tmined point suit able for causing a cut of the | 
movable along the table to provide for different lengths 

The change in current in the photo electric tube is amplified by a Pliotro 
the relay box some distance away. The amplified current energizes a sensitive relay in the t 
which causes two magnetic contactors to close. One of these operates I 


throws the trough of the Rendleman flying shears and cuts the bar to 


>r leng 
ser iengtn, 


t 
ié 
+ 
ul 


1e length desired 


th, and is easily 


he solenoid whicl 
’ 


the bar to increase the current flowing 
| 
I 


hy x 





The other contactor e 

After a predetermined time 
type overload rel ily cl 

This contactor control 
Limit switches on 


nechanism after 


New Sheet Metal Tester 


(Baldwin-Southwark Corp.) 


HE Waz il heet m 
blanks. he male 
rce exerted by it is measu 
There are two rar ; 
tester, which is buil 
f drawing force. 
sible motor, 10 























The deep drawing speed ni 
other values on request 

The middle crosshead 5 carrie 
because it has to make small movemen 
sheet metal tester the pressure 
in normal testers, no check of 
indicated on dial 6 and recorded on paper strip 3 
are recorded in function of the depth of draw. Ir 


be studied and the records leave no doubt whatsoever 
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lefinite val desir 


¢ 


he 
weight accul mulat 


f tight or loose fittin 
ly imitate 
advisable t jualify sheets | 
k holder | 
a certain blank holder load, which t 
eter. If. 


ter 


i re Vic A ime Lc 
Two things th pen: 


1us TOrMs a 


g cups with di 


' 
} 


w the same qualities i a diff 
+} 
tile 


peranittin clear differentiati ndc curs when 
Chest thle "e 

be tested 

failure o 

eraphic 


pni 


sation sen 


the adiuet 


HE Martin Opo ; 
Utility’ Model Pulsation Damper 


gages and recorders on compressors, pumps 
device may be used eitt few inches o 
: 

sure in liquids or gases 


ible time lag. It is sensitive t« 


hile dampening 


1 1 1 
mean pressure It may be n A nout dis 
1 1 ; : 
mnection ) a needie v e prin 














he accompanying illustration shows a gage and rec 
parallel with an unpri tected gage nacompressor line 
hour cloch that 
The response of the recorder t 


aight aenaaeeanr 
each quarter hour division re 
to ponerse changes 


r : an 1 +} 
1 pres teen 


Na ti 


i A i bse ive 
to low pressure manometers, U-t id dr Oo meters a! 
1er types of pressure ins 

It is manufactured in two m 


a 
many otl 


, : setall nae and she 
for usual installations; and th e 
; , 
essures and other installati 
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New Cathode-Ray Oscilloscope 


(Westinghouse Elec. & Mfg. Co.) 


ye ed age level ped for televisi n, the latest Westinghouse cathode-ray oscillos 
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In striking contrast to its in universities and research lab oratories, the 
oscilloscope is used as a prod r the new porous block Autovalve lightning 
irrester Each block gets alr the a t uches the switch ot a 5 0,000-volt 
surge set which supplies the | nd sees before him, on the oscilloscope screer 
the exact performance curve. Such actual shop test, or commercial demonstration, of arresters 


The new oscilloscope can simultaneously show 2 separate waves in their true phase relation 


by using a simple synchronous distributor which rapidly switches the input terminals of the 





instrument from one wave to the other. Sustained vocal sounds, musical instruments, ever 
isy machinery n be studied by the device 
This oscilloscope will not rey the usual oscillograph in the proper field of the latter, but 
will und pen uf ld of its own—perhaps allow shop testing of apparatus 
| iri eel 


Non-Recording Time Controller 
(The Foxboro Company) 


HIS is a new instrument for controlling temperature or pressure in relation to time. This 
instrument, known as the Non-Recording Time C ntroller. will maintain a predeter 
mined cycle of operation in any process i 


pr involving temperature or pressure. The instrument 
is similar in appearance and construction to the standard Foxboro recorder-controller. The 
major difference between the two instru 


er or eee ments is that the non-recorder has a print 








ed aluminum cam instead of a paper chart 
ind a specially designed cam follower ir 
place of the pen arm This unique cor 
struction has rat it { 
1 to 1 ratio between the cam reading and 
trol point setting, thus maintaining the 
control point without the use of multiply 
ing devices of any kind. The cam is 
printed aluminum disc the size of a star 
dard Foxboro 10” chart. The markings 
re printed by a special process from plates 
similar to those used in the printing of 
Humitex charts. This feature makes the 
ise of the instrument particularly flexible 
ince new cams to meet changed conditions 
isily be cut by the user with a pair 
shears and a file. The controller is designed 
for use on industrial processes in whic 





a yssib le to obtain 
; TIME PRESSURE 
Ae) ER 





the relation of time to temperature or 
pressure is important. One of the most 
interesting and successful applications of 


this instrument is the maintenance of gas 
pressures in lines where the _ require 
ments are predetermined. In this applica 











ti the ntroller is used i njunctior iphragm-motor lever pot controlled 
lve. t in or let wn the pressur according to previously determined 





New Float Operated Motor Starter | 


(Cutler-Hammer, Inc.) t 





OR small A.( tors on cellar drains, sump pumps, open tanks and similar 

application, the float operated motor starting switch provides across-the-line starting 
thermal overload pr 1d is small in size. For larger motors, this same device can be 1 
provided without tion so it can be used as a master switch in the control . 
circuit of a separ itomatic It can also be furnished without the float accessories 4 





MENTS 





meter for detecting 
It consists of a highly sensitive yet rugged muilliv 
wires. T 


pointed thermo-couple take a tempera 
the points of the thermo-couple wires against the 


the circuit. 
Almost instant re 
surface, the pointer ni 
This pyrometer is 
0°600°F. and is, there 
furnished with an intern 


ature changes when usec 


turn 


Tore, 


} 

















It is reported that a number of railroads are 
atures of locomotives. Most generally these 


bearing temperatures as the engine comes in off the 1 
g ! 
lamage resul 


the conditions to be remedied before serious damag 
A larger and heavier model of similar design is availabl 


f rail ends in the building up 


This instrument is recommenc 
yrass, aluminum and zinc billets, bars, and for certa 
1 


orocess and subsequent | 
led for temperatures t 


ied | 
n form 


} 
{ 


is not too hard and which is free from scale 
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Measurement of Velocity and 
Direction of Water Currents 


Rene Leonhardt* 


HE investigation of marine and tidal currents by means of current measurements is or 

of the most useful processes in the realm of oceanography and hydrography. Thes 
studies are not only of great value from the purely scientific standpoint, but they furnis 
indications that are often extremely useful in practical navigation as well as in harbor at 
waterways construction, and in river and deep-sea fishery. 

The accurate measurement of the currents is of especial importance for the determinati 
of the periodic and aperiodic movements of the water in tidal seas. The tidal current, beir 
the horizontal component of the tidal phenomenon, is as yet easier to determine on the hig! 
seas than is the rise in the water-level « 
to tidal action, and therefore these measure 
ments furnish indications that are essentia 
alike to practical navigators and to scientif 
investigators, the latter, in particular 
being thereby enabled to carry forward their 
studies into the complex subject of tid 
action. 

When making measurements in smoot 
and shallow water, as for instance in river 
estuaries, it is not difhcult for a ship to 
moored by four or six anchors with t 
assistance of atug. At moderate depths th 
ship can be further secured in position by thi 
use of an additional anchor at the bow ar 
one dropped from the stern; where however 
the depth exceeds a couple of hundre 
fathoms, this process is not only very labori 
ous and tedious, but is liable to involve tl 

Fig. 1 loss of the anchoring gear in a storm 
It follows from the foregoing that the ship should preferably be made fast toa single anc] 


} 








1 
1 
} 
I 

















but that the current measuring apparatus and the method of observation should be so desgin« 
that errors due to yawing and swinging of the vessel can be eliminated from the final reading 
This can be done mathematically by tacking observations at short intervals extending over on¢ 
or more periods of yawing and swinging, so that vectorial averages covering those peri 
can be found 

To establish the direction with accuracy, there must be a standard direction on the current 
meter for every angle reading. The known forms of apparatus to determine the speed at 
direction of currents divide themselves into 2 distinct groups according to the manne 
which they provide this standard direction. The first group comprises all those instru 


f ¢} 


ments in which a magnetic needle is the means for indicating or recording the direction 
current. In every such instance the compass needle moves over a card which is connecte 
with the vane that responds to the direction of the current, the card therefore adjusting itse 
automatically in relation to the needle according to the direction in which the current flow 

In the apparatus of the second group, the standard direction is obtained by having the zer 
position of the current meter in a fixed and definite relation to the hull of the ship, i. e. to the 
ship's apparent course, this being achieved by a method of two-line suspension. 

In the current meters embodying a compass, the compass needle will point to the magneti 
North so long as it is subject only to the action of the earth’s magnetic field. When, however 
work is done with a meter of this type from a steel ship, a second magnetic field set up by th: 
magnetism of the ship also acts on the compass needle, the so-called local attraction, whic! 
falsifies the readings of the compass. 

In shallow waters and on certain ships’ courses the error due to local attraction may be 
great as 180° so that it becomes impossible to determine with any accuracy the direction 
the current to be measured. 

The high cost of exploratory voyages with big ships on the high seas, coupled with t 
fact that the measurements of currents thereby obtained are not altogether reliable, woul 
seem to make the use of current meters of this design no longer justifiable. In the Germa 
Marine Observatory at Hamburg, a two-line suspension current meter containing no compas 


*Askaniawerke 
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n the instrument itself, whereby reliable readings can be obtained, has recently been developed 
The essential parts which go to make up the complete equipment of the new current 
neasuring gear, are: 
1. The actual current meter with switchgear, spind 
and bottom contact and frame (Fig. 1 
2. The recording apparatus (Fig 


] 


ie, Curret 


th 


The current meter is secured within its frame in such manner that it is free rotate on 
lle c 2 welded projections by means of which it support 


vertical spindle. This spindle carries 2 
ne side a protecting ring within which a multi-bladed propeller is free to rev 
pposite side the vane, the function of which is to keep the propelle 


he current. 





A44 dF. . ous py 
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The currence will, according to its strength, cause the propeller to revolve more or less 
rapidly. The velocity of the current can be deduced from the number of revolutions made 
by the propeller within a given unit of time. 

When the apparatus is in action the revolutions of the propeller are transferred by means of 
worm gear to a contact disc located in the small contact box in front of the spindle of the 
nstrument, which is connected by cable to the recording instrument kept on board. 

The direction of the current in relation to the frame of the instrument, or to the head of the 
instrument which is secured so as to prevent it from revolving, is measured by means of the 
switchgear in the interior of the current meter casing. Twelve contact levers, insulated from 
one another but permanently connected to the head of the meter, brush against 12 cam discs 
connected with one another by conducting material and rotating in unison with the spindle 
of the current meter. These 12 cam discs fall into 3 groups. The angle formed by the 
longitudinal position of the frame and the direction of the current or of the vane must be 
somewhere between 0° and 360°. When the scale is tried, to find the angle, contact between 
one of the four cam discs in the first group and the contact lever opposite it will first tell us 
within which quadrant the required angle is situated. At the same time, contact between 
one of the levers and one of the 3 cam discs in the second group will show within which third 
of that quadrant the angle is to be found. Finally, contact levers touching 1 or 2 of the 5 
cam discs in the third group will show in which tenth of that third the required angle is 
located. Every time the angle between the direction of the frame and that of the current 
alters to the extent of 3°, the contacts between levers and cam discs will be different and will 
be distinctly recognisable. 

From the individually insulated contact levers and also from the contact box to which the 
revolutions of the propeller are transmitted, connecting wires lead to the head of the meter, 
which carries 2 cable connection. At these points 2 seven-core cables are fixed by water- 
tight connections. About 3 meters from the lower extremities of the cables 2 supporting 
ropes are firmly secured to the cable covering, and by these ropes the instrument frame is 
suspended. 

The 2 cables pass over 2 light guide pulleys on the end of 2 booms carried on board the 
observation vessel and reach the winches placed on board, each of which is designed to 
carry 30 fathoms of cable. By means of these winches the current meter in its frame can be 

wered to any desired depth. 
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Each cable is connected to the winch in such manner that the electric current passin 
through each core of the cable can be picked up separately by means of sliding contacts ar 
transmitted, for instance by means of seven-core rubber-insulated leads, to the recordir 
chronograph 

This recorder uses chart paper 110 mm. in width which moves forward by clockwork at th: 
rate of 30 mm. per minute. It is provided with 14 pens, with 14 corresponding electr 
magnets which actuate them each time the respective circuits are closed. The first of thes: 
magnets receives each minute a sharp surge of current, through a relay to the primary circuit 
of which a ship's chronometer making contact once a minute is connected. The first of the 
14 pens accordingly traces an accurate time record on the chart. The second magnet actu 
ates the second pen, which records the number of revolutions of the propeller. The remair 
ing 12 pens serve to record the direction of the current. These also are actuated by electr: 
magnets connected by leads to the contact levers of the cam discs in the switchgear. Every 
10 seconds or every 5 seconds a current is sent through the instrument, this being so arrange 
that the current actuates different electro-magnets according to the position of the current 
vane at the moment, and the corresponding pens draw points on the chart. These pens are 
filled with different colored inks—red and blue—according to their groups, so that a glance 
at the chart will tell the observer at once which of the contact levers in the several groups ar 
making contact for the time being with the cam-discs in the body of the current meter, and 
by that he can measure the angle between the frame of the current meter and the current 

Assuming that the suspension points of the 2 cable pulleys are in a line exactly parallel t 
the ship's axis, the direction of the current will be evident from the angle indicated by the 
recording instrument, taken in conjunction with the ship’s course as shown on the ship's 
compass. The angle can be determined with an error of not more than 1.5° at each reading. 

With all this, current directions can be recorded 6 or 16 times within a minute with ar 
accuracy of about 1.5° for each individual reading while the accuracy of the velocity readings 


lies within afew mm per second. 


Space Heater Protects Control 


Apparatus 
(Westinghouse Electric &@ Mfg." Co.) 


UCH of the trouble due to mois 
ture condensing and dripping ot 

control apparatus installed in manholes 
has been eliminated by the use of electri 
heaters 

The illustration shows a typical ir 
stallation for a manhole breaker. Thi 
small Westinghouse electric space heater 
rated 220 watts, is attached to the cover 
ind is protected against burnouts duc 
to overheating and the temperature of 
the cover is controlled by the Westing 
house “Built-in-Watchman” thermostat 
By keeping the temperature of the covet 
upproximately 100°F. moisture will sel 
dom condense. The photograph shows 
clearly the method of mounting th 
electric space heater and thermostat 

The thermostat is one of the Westng 
house “Built-in-Watchman”™ thermostats 
with practically indefinite contact lift 
and is quick make and break and not 
radio interfering. In addition to limit 
ing the temperature of the cover th 
thermostat protects the space heate: 
against over-heating. The thermostat 
is applicable for voltages of 110 and 22 
volts AC and 115 volts DC. 
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anew TAG GENERAL CATALOGUE, This 






ge il Catalogue, consisting of more than 100 
[ now places under one cover the complete 
of TAG Controllers, Recorders Jials, 
rhet Oil Testing In 
tr Appropriate 
of instru- 
nt d and ther 
eu iments d 
ril Mie. Ce 


600 t 


“WATER METERS 38-page Bulletin No 
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Or CIRC int ‘BREAKERS. Circul 
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EXPERIMENTER. ‘‘What’s New in Ra 
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burgh ya Be e Meter Co., 400 Lexington 

ue, Pittsburgh, Pa. 
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“FHERMOMETERS, Circular 255-P de- 

ribes resistance thermometer installation fot 
every refrigerating temperature problem. The 
Leeds & Northrup Co., 4901 Seanen Ave 
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© ONTROLLERS. A circular describing and 

trating the potentiometer anticipatory) 

ntroller Leeds & Northrup Co., 4901 
Stenton Avenue, Philadelphia, Pa. 

_TENSION INDICATOR. A cil ir des 

ing an instrument for determining “the 
1 wire rope. Martin-Decker 
Cherry Ave., Long Beach, Calif. 

MICROSCOPES. Illustrated Price List 
No. 29 covers microscopes, mic resco ul ac 
cessories and Polarizing Apparat J. Rosen 
baum, Berlin S. O. 16, Michae kine hstrasse 17, 
Germany. 

ARC LAMP-BOLOMETER-SPECTRO- 
GRAPH. Three leaflets describing an x-ray 
bolometer, a vacuum iron arc lamp and a spec 
trograph of great intensity. Kipp & 
Zonen, Delft Holland. 

POTENTIOMETER PYROMETER. A cir- 

lar introducing the “‘Micromax’”’ an improved 
yotentiometer pyrometer. Leeds & Northruy 


Co, 4901 Stenton Ave Philadelphia, Pa 
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STEAM TRAP. sulletin No. 1015 descri 
ing and illustrating a thermostatic steam tra 
with unique differential setting feature and re¢ 
versible and renewable double life seat an 

; C. J. Tagliabue Mfg. Co., Park and No 





trand Aves., Brooklyn, 
OPTICAL INSTRUMENTS. Bulletin N 
126 contains information on Comparator 
4 tting Wavelength Spectrometer, Ultr 
Violet Monchromator, and Polarizing Spectr 
photometer. The Gaertner Scientific (¢ oe 
ion, 1201 Wrightwood Avenue, Chicag Ill 
X-RAY STEREOSCOPE. \ booklet 
ribing a new X-ray having it 
‘ nents which make possible a more « 
ended use of this very valuable techni 
Bausch & Lomb Optic I Co iat nathes ae 
METALLIC AND NON-METALLIC GAS 
KETS. Catalogue H is the identification of 
94-page general catalogue on gaskets, gask 
mat ls, and packings used in the variou 
Victor Manufacturing & Gasket C« 
5750 Re yosevelt Road, Chicago, II. 
CAPACITORS. 20-page Catalogue 
GEA-77D describes capacitors for power-fa 
correction. General Electric Company, Sche 
ectady, N 
TYCOS. The July, 1931 
Rochester contains the following articles: ‘Tr 
ing to Do Something About the Weather 
$ lemperatt ire Control Gives Us Our Citr 
ruit Rubber From Weeds;" etc. Ta 
nstrument Companies, Rochester, N. Y 
ADIABATIC CALORIMETRY. Bulletin |! 
14 entitled, “Why Adiabatic Calorimetr 
This de scribes the principles of heat transfer 
the ad 7 — alorimeter. Burgess-Parr Co1 
pan) Nest Monroe Street, Chicago, II! 
DIRECTIONAL GYRO. A circular descri 
ing a directional gyro which is an airplane nav 
gating instrument for indicating to the pilot 
the compass course of his plane. Sperry Gyr 
scope Company, Inc., Manhattan Bridge Plaz 
Brooklyn, N. 
THE GRAPHIC. Graphic Instruments 
i Modern Stee! Plant” is the title of the arti 
in No os) of this publication. The Esterlin 
, Indianapolis, Ind. 
leaflet illustrating Mod 
Fe leral Products Corp., Pro 





stereoscop 
tereoscopt 








d tr 


issue of Tyce 


s Company 

“WIRE GAUGE 
regs Gage. 
ae nce 

POTENTIOMETER PYROMETER. 
attractive 12 page folder showing in tabloi 
form the principal features of the potentiometer 
pyrometer This folder shows many of t 
onstructional features substantiating tl 
claims for extreme accuracy and ruggedness of 
this new instrument. The Brown Instrument 
Comp ay Wayne and Roberts Aves., Phi 
de Iphix Pa 

MIC ‘ROSCOPES. A 





booklet  describi1 





microscopes as to their portance in t 
medical profession. B. K. Elliott, 126 Sixt 
Street, Pittsburgh, Pa 


SCIENTIFIC INSTRUMENTS. 112-pag 
H describes thermometer 
barometers, psychrometers, h 
thermoregulators and instrument 
d as complementary theret« 
2518 N. Broad St., Philads 


General Catalogue 
ydrometers, 
grometer 





phia, Pa 
ELECTRIC MELTING POTS. 
*C-11 describes electric melting pots and other 
ctrically heated industrial equipment. Har 
id E. Trent Co., 618 N. 54th St., Philadelp! 
“THERMOSTATS. A circular describing a 
indicating thermostat for greenhouses. Stan 
dard Thermometer, Inc. 65 Shirley St., Boston 
19, Mass. 


STRAIN GAGES. A booklet describin 
and illustrating optical strain gages for the 
precise measure “ment of tension and compre 
sion strains in hot and cold metal specimen 
brick, concrete and similar materials and fe 
the testing of riveted joints and other struct 

1embers. American Instrument Co. Inc. 77 
Girard St. N. V Washington, D. (¢ 
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THE NEW 
EMERSON FUEL CALORIMETER 
WITH 
STAINLESS STEEL BOMB 


The Greatest Value 
in Calorimeters 
ever placed on the 
market. 

The Special Stainless Steel 


Bomb is Absolutely Acid 
Proof. 


Write to 


EMERSON APPARATUS COMPANY 


176 TREMONT STREET MELROSE, MASS. 




















Rawson Ultra Sensitive Semi-Suspended Meters 


TYPE 5073 


Currents as low as .003 
microampere can be meas- 
sured. Suitable multipliers 
can be added to extend 
the range to any desired 
value, controlled by a 
well designed selector 


Suitable for experimental 
work with Photo Electric 
Cells, Grid Currents on 
Tubes, Leakage Resis- 
tance over Insulation, etc. 


switch. 


These meters can also 
be supplied in Type 503 
and Type 505. 


SIZE 


OVER ALL MEIOnT S¥B 
Incorporated 1918 
CAMBRIDGE, MASS. 
Branch Office: 91 Seventh Ave. Mid-Western Representative: Earl N. Webber 
New York City Daily News Bidg., Chicago, Ill, 
Also manufacturers of AC or DC Thermal Multimeters, Microammeters, Milliammeters and Ammeters, 
Microvolt, Millivolt and Voltmeters, Cable Testers, Timers, Earth Current Meters, Fluxmeters, Ther- 
mocouples, Electrostatic Voltmeters, Wattmeters, etc. Write for Bulletins. 
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BUYERS’ GUIDE 


to instruments and devices for measurement, inspection or control 


If you are unable to find what you require in the Buying Section of INSTRUMENTS—write Informatio 
Section, Instruments Publishing Co., Pittsburgh, Pa. 


Give complete information of requirements. 












ABRASION TESTERS 


Atlas Electric Devices Co 


ACCELERATED TESTING CAB- 
INETS 


Atlas Electric Devices Co 
ACIDITY RECORDERS 

Leeds & Northrup Co. 
ACOUSTIMETERS 

Burgess-Parr Co. 
AIR FLOW INDICATOR 

rown Instrument Co. 

Foxboro Co. 
AIR METERS 

Foxboro Compeny 

Taylor Instrument Cos. 
ALIDADES 
ALTIMETERS 

Tegliabue Mfg. Co., C. J. 
AMMETERS—indicating 

General Radio Co. 

Jewell Electrical Instrument Co. 

Rawson Elect. Inst. 

Weston Electrical Inst. Corp. 
Recording 

Bristol Company 

Tagliabue Mfg. Co., 
ANEMOMETERS 

Bristol Co. 

Taylor Instrument Companies 


ARMATURE TESTING EQUIP- 
MENTS 


Westinghouse Elec. & Mfg. Co. 
AGT TESTING APPA- 


RATUS 
Tagliebue Mfg. Co., C. J 
ATTENUATION NETWORKS 
General Radio Company 
Rubicon Company 


AUDIO-FREQUENCY OSCIL- 
LATORS 


General Radio Company 
BALANCES 
Alfred Suter 
BAROMETERS—Aneroid, Mer- 
curlal, Recording 
Bristol Company 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
BATTERY TESTERS 
Weston Electrical Inst. Corp. 
BEARING TESTERS 
Burgess-Parr Co. 
BOARDS: INSTRUMENTS 
Foxboro Co. 
BRAKE TESTING METER 


BRIGES, ELECTRICAL 
a yon mg ee A ae 
, Kel vin, Re 


J 








r 
Coneral Radio co 
Leeds & Northrup Co. 
Rubicon Company 
CABLE TESTERS 
Leeds & Northrup Co 
Rawson Elec. Inst. Co 
Rubicon Company 








CALORIMETERS 
Peroxide, Oxygen Bomb 
Burgess-Parr Co. 
Emerson Apparatus Co 
Geertner Scientific Co. 
CAPACITANCE METERS 
General Radio Co. 
Leeds & Northrup Co. 
Rubicon Company 
Weston Elec. Inst. Corp. 
CARBON DIOXIDE METERS 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
can MONOXIDE MET- 


Leeds & Northrup Co. 

Tagliabue Mfg. Co., 
CARTONS 

R Ferner Co 

Ai Scientific Corp. 


CEMENT TESTING INSTRU- 
MENTS 


Alfred Suter 

Ceprosnns 
Y. Ferner Co 

Sth Scientific Corp. 

Leeds & Northrup Co 
CHRONOMETERS 

R. Y. Ferner Co 

Tagliabue Mfg. Co., C. J 
CLOCKS—Gage Board 

Brown Instrument Co 

Bristol Company 

Foxboro 


CLOUD & POUR TEST APPA- 


RATUS 
Tagliabue Mfg. Co., C. J 
COILS 
Resistance, Inductance, Special. 
General Radio Co. 
Leeds & Northrup Co. 
Rubicon Company 
COIL TESTING EQUIPMENTS 
Leeds & Northrup Co. 
Rubicon Company 
COLOR TESTER 
Atlas Electric Devices Co 
COLORIMETERS 
Atlas Electric Devices Co. 
Tagliabue Mfg. Co. 
COMBUSTION CONTROL 
EQUIPMENT 
Brown Instrument Co. 
Illinois Testing Labs., Inc. 
Leeds & Northrup Co. 
COMMUNICATION MEAS- 
URING INSTRUMENTS 
General Radio Company 
COMPASS 
Taylor Instrument Companies 
COMPARATORS 
B. C. Ames Co. 
Federal Products Corp. 
R erner Co. 
Gaertner Scientific Corp 
CONDENSER LEAKAGE RE- 
CORDERS 
Leeds & Northrup Co. 















































CONDENSERS—Electrical 
General Radio Co. 
Leeds & Northrup Co. 
Rubicon Company 


CONDUCTIVITY METERS 

Indicating, Recording, Controlling 
Leeds & Northrup Co. 
Rubicon Company 


ee RECORD. 
Leed & Northrup Co. 


CONSTANT SPEED & FRE- 
QUENCY SETS 
Leeds & Northrup Co. 


CONTOUR MEASURING PRO. 
JECTOR 

Bausch & Lomb Optical Co 

CONTROLS, AUTOMATIC 


Condensation 
Tagliabue Mfg. Co., C. J 


Damper 
Bristol Co. 
Brown Instrument Co. 
Foxboro Co 
Leeds & Northrup Co 
Minneapolis Honeywell Co 
Tagliabue Mfg. Co., C. J 


Demand Pressure 
Foxboro Company 


Feed Water 


rown Instrument Co 
Foxboro Co. 


Filter Rate 7 
Brown Instrument Co 
Foxboro Co. 





Flow 
Brown Instrument Co 
Foxboro Co. 


Gravity r 
Tagliabue Mfg. Co., C. J 


Humidity 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J. 


Taylor Instrument Companies 


Humidity & Temperature 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Illinois Testing Labs., Inc. 
Leeds & Northrup ‘ 
Minneapolis Honeywell Co 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 


Lie Level 

ristol Company 
Brown Instrument Co. 
Foxboro Co. 
Illinois Testing Labs., Inc 
Tagliabue Mfg. Co., C. J 
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DIAL INDICATORS 


Comparators Fabric Gauges 
Amplifying Gauges Rubber Gauges 
Thickness Gauges Tap Comparator Gauges 
Depth Gauges Gear Tooth Comparators 
Thread Lead Gauges Cutter Testing Gauges 
Pitch Diameter Gauges Internal and External 
Cylinder Gauges Grinding Gauges 
Paper Gauges Caliper Gauges 


Federal Products Corporatien 
Providence, R. I. 
CHICAGO CLEVELAND DETROIT MUNCIE NEW YORK 








DE KHOTINSKY LABORATORY CEMENT 


This Cement was originally prepared by Captain A. 
DeKhotinsky in 1882 for making air-tight joints in incan- 
descent lamp bulbs and vacuum tubes, and up to the 
present time nothing better has been produced. It is use- 
ful as an insulating material and protection against corros- 
ion, and will be found indispensable in the laboratory. 

The Cement is obtainable in three different grades of 
hardness and in one or two ounce sticks. 

Price per ounce. $.75 


THE GAERTNER sc IENTIF IC CORPORATION 


1201 Wrightwood Avenue Chicago, U.S. A. 


of 

















eAutomatic Control 


increases your uniformity 
Uniformly high quality, less prod- Motorized valve I 
uct spoilage, re ss gas, ol, wat 

and tuel costs re sult from invest lays; temperat 

ing in Minneapolis-Honeywell contr : 
automatic controls for y wur vats, controllers F I 
ovens, kilns and furnaces. mation 


MINNEAPOLIS- HONEYWELL 


REGULATOR CO. 2735 Fourth Avenue South 
Minneapolis, Minnesota 


YOU SHOULD HAVE 

An Accurate Standard of Length 
with which to check 

Your Measuring Apparatus 
Precision scales of any length and with any graduation are 

made by the Société Genevoise d’Instruments de Physique 

THE R. Y. FERNER CO. 

INVESTMENT BLDG. WASHINGTON, D. C. 
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Pressure & Vacuum 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Minneapolis-Honeywell Co 
Taglisbue Mfg. Co 
Taylor Instrument Companies 


Pyrometer 
Bristol Company 
Brown Instrument C *, 
IIlinois Testing Labs., 
Leeds & Northrup C . 
Tagliebue Mfg. Co., C. J 


Taylor Instrument Comparies 


Rate-Volume 
Foxboro Co. 


Refrigeration 
Bristol Co. 
Brown Instrument Co 
Leeds & Northrup Co 
Taylor Instrument Cos 


Special 
Leeds & Northrup Co 
Minneapolis-Honeywel! Co 
Rubicon Company 
Tachometer 
Brown Instrument Co 
Foxboro Co. 
Weston Elec. Inst. Corp 


Temperature-Time 
Bristol Co. 
Brown nent Co 
Foxboro 
INinois Testin Lebs., 
Leeds & Northrup to.” 
Taglisbue Mfg. Co., J 
Taylor Instrument — 
Thermometer 
ristol Company 
Brown Instrument Co 
Foxboro Co. 
Mlinois Testing Labs., Inc. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Thermostat 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 


Minneapolis-Honeywell Co. 


Taylor Instrument Companies 
Thickness 
Time 
Bristol Co. 
Brown Instrument Co. 
Foxboro Co. 
Illinois Testing Labs., Inc 
Tagliabue Mfg. Co. 
Taylor Instrument Cos. 
Unit Heater 


Minneapolis-Honeywell Co. 


Vacuum 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos. 
Valve—Motor Operated 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 


Minneapolis-Honeywell Co. 


Tagliabue Mfg. Co 

Taylor Instrument Companies 
Water Level 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Tagliabue Mfg. Co., C. J 


CONVERTERS 
Bodine Electric Co. 


COORINATOGRAPHS 


COUNTERS—Revolution 
Amthor Testing Inst. Co 
Bristol Company 
Brown Instrument Co 
Southwark Fdry. & Mach Co 

Stroke 
Bristol Company 
Southwark Fdry. & Mach. Co 

COUPLING TRANSFORMERS 
Gerzral Radio Company 

CURRENT RECORDERS 
Bristol Company 
Leeds & Northrup Co 

CURRENT REGULATORS 

CYCLE COUNTERS 
General Radio Co 

CYLINDERS-GRADUATED 
Tagliabue Mfg. Co., C. J 

DECELEROMETER 

DEFORMETER (Beggs) 
Southwark Fdy. & Mach. Co 

DEMAND METERS 

Gas 
Foxboro Company 

Electric 

DENSITOMETERS 

DENSOMETERS 

DIVIDING HEAD 

Optical 
Bausch & Lomb Optical Co 

DIVIDING MACHINES 
R. Y. Ferner Co 
Gaertner Scientific Corp. 

DRAFT GAGES—see Gages 

DYNAMIC BALANCING 

EQUIPMENT 
Alfred Suter 

DYNAMOTORS 
Bodine Electric Co. 

EARTH CURRENT METERS 
Rawson Elec. Inst. Co 

ELECTRIC TELEMETER 
Southwark Fdry. & Mach. Co 

ELECTRIC WAVE FILTER SEC- 

TIONS 


M 


General Radio Company 
ELECTROMETERS 

Rubicon Co. 
EMPLOYEES' “IN AND OUT" 

TIME RECORDERS 

ENGINE INDICATORS 

Southwark Fdry. & Mach. Co. 
EXTENSOMETER 

Southwark Fdry. & Mach. Co. 

Alfred Suter 
FADE-OMETER 

Atlas Electric Devices Co 
FATIGUE TESTERS 

Atlas Electric Devices Co 

Southwark Fdry. & Mach. Co 

Alfred Suter 


FAULT FINDERS 
General Radio Co 
Leeds & Northrup Co. 
Rubicon Company 
Weston Electrical Inst. Corp 


FLASH & BURNING POINT 
TESTERS 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Cos. 
FLOW METERS 


Brown Instrument Co 

Foxboro Co. 
FLUXMETERS 

Leeds & Northrup Co. _ 

Rawson Electrical Instr. Co 


FOLDING TESTER 








































































FRACTIONAL HORSEPOWER 
MOTORS 


Bodine Electric Co. 
FREEZING CABINET 


Atlas Electric Devices Co. 
FREQUENCY METERS 


Indicating _ 
Jewell Electric Instrument ( 
Leeds & Northrup Co. 
Weston Elec. Inst. Corp 

Controlling 
Leeds & Northrup Co 

Recording 
Bristol Company 
Leeds & Northrup Co 

Standards 
General Radio Co. 

FUEL ANALYSIS APPARATUS 
Burgess-Parr Co. 

FUEL FLOW INDICATOR 

FURNACE CONTROLS 
Leeds & Northrup Co. 
Taylor Instrument Cos 


FUSES 

Instrument 

GAGE RODS 
Tagliabue Mfg. Co., C. J. 


GAGE TESTING OUTFITS 
Amthor Testing Inst. Co 


GAGES 
Absolute Pressure 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Amplifying 
B. C. Ames Co. 
sory Products Corp 
. Y. Ferner Co. 


eae 
. Ames 
Federal tel Corp. 
R. Y. Ferner Co 
Cylinder 
B. C. Ames Co. 
Federal Products Corp 
R. Y. Ferner Co. 
Deformation 
- Fdry. & Mach. Co 


B. tt Ames Co. 
Brown Instrument Co. 
Federal Products Co. 
Foxboro Company 
Dial 
B. C. Ames Co. 
Federal Products Corp. 
R. Y. Ferner Co. 
Differential Pressure 
Brown Instrument Co. 
Foxboro Co. 
Tagliabue Mfg. Co., 
Draft 
Amthor Testing Inst. Co 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Tagliabue Mfg. Co., C. J 


Taylor Instrument Companies 


2 


Drill 
Bausch & Lomb Optical Co 


Grinding 
Federal Products Corp. 

Liquid Level 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. : 
Illinois Testing Labs., Inc 
Tagliabue Mfg. Co., 
Taylor Instrument Companies 
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Loss of Head 
Bristol Co. 
Brown Instrument Co 
Foxboro Co 

Pitch Diameter : 
Federal Products Corp 
R. Y. Ferner Co. 


Pocket ¥ 
Amthor Testing Inst. Co 
Federal Products Corp. 


Pressure 
Bristol Company _ 
Brown Instrument Co 
Foxboro Co. : 
Leeds & Northrup Co 
Alfred Suter 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Pressure-Temperature 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Illinois Testing Labs., Inc. 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 


Pressure & Vacuum 
Bristol! Company 
Brown Instrument Co 
Foxboro Co. 
Tagliabue Mfg. Co., C. J 


_— Instrument Companies 


Profil 
el & Lomb Optical Co 


Rai 
a Instrument Companies 
Recording—Distance 
Bristol Company _ 
Brown Instrument Co 
Taylor Instrument Cos. 
Strain 
Southwark Fdry. & Mach. Co 
Alfred Suter 
Tester 
Southwark Fdry. & Mach. Co 
Thickness 
B. C. Ames Co 
Amthor Testing Inst. Co 
Federal Products Corp 
R. Y. Ferner Co. 
Volume 
Brown Instrument Co 
Foxboro Co. 
Water Level for Boilers 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
ind 
Bristo! Co. 
Brown Instrument Co 
Taylor Instrument Companies 
GALVANOMETERS 
Brown Instrument Co. 
General Radio Co. 
lilinois Testing Labs., Inc. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 
Rawson Elec. Inst. Co. 
Rubicon Company 
Weston Electrical Inst. Corp 
GAS ANALYTICAL METERS 


Chemical 
Tagliabue Mfg. Co., C. J 
Electrical 
Brown Instrument Co. 
Leeds & Northrup Co. 
GAS LEAK INDICATORS 
Taylor Instrument Companies 
GASOLINE METERS 
Buffalo Meter Co. 
GAS-METERS 
Brown Instrument Co 
Foxboro Co. 


INSTRUMENTS 


GASOMETERS 
GEOPHYSICAL 
INSTRUMENTS 
GOVERNORS 
Laboratory Dry & Wet Gas 
Pressure 
Bristol Company 
Brown Instrument Co 
Tagliabue Mfg. Co., C. J. 


ump 
Tagliabue Mfg. Co., C. J 
GLASS STRAIN TESTERS 

ae TESTING APPARA- 


Tagliabue Mfg. Co., C. J 
GROUND DETECTORS 

Leeds & Northrup Co 

Rubicon Company 

Weston Electrical Inst. Corp 
GROUND-OHMER 

Leeds & Northrup Co 
GYPSUM _ TESTING 

MENTS 


Alfred Suter 
HARDNESS TESTERS 
Southwark Fdry. & Mach. Co 
Alfred Suter 
HARMONIC ANALYZERS 
Leeds & Northrup Co. 
HELIOSTATS 
Gaertner Scientific Corp 


HIGH FREQUENCY APPA- 
RATUS 


INSTRU- 


Rubicon Company 

Weston Elec. Inst. Corp 
HIGH VOLTAGE 
Fuses 
Indicators 

Weston Elec. Inst. Corp 
Measuring Devices 

Weston Elec. Inst. Corp. 
Testing Devices 
HUMIDITY CONTROLLERS 

Bristol Company 

Foxboro Co. 

Taylor Instrument Cos 
HUMIDITY RECORDERS 
Wet & Dry Bulb Thermometers 

Bristol Company 

Brown Instrument Co. 

Foxboro 

Leeds & Northrup Co. 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
HYDROGEN ION METERS 
Indicating 

Leeds & Northrup Co. 

Rubicon Company 
Controlling, Recording 

Leeds & Northrup Co 
HYDROMETERS 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
HYGROMETERS 

Brown —* Co. 

Foxboro 

Leeds & Noctinup Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
IMPACT HARDNESS TESTER 

Alfred Suter 
IMPACT TESTING MACHINES 

Alfred Suter 
Alternating 
INDICATORS—See Gages 
INDUCTANCES _ 

General Radio 

Leeds & Neshven Ce: 

Rubicon Company 


Meas on 
AND REPAIRS 
Amthor bs Inst. Co 
Jewell Electrical Instrument Co 
Rubicon Company 
Weston Elec. Inst. Corp 


INSTRUMENT FUSES 
INSTRUMENT OILS 
— TRANSFORM- 


Jewell Electrical Instrument Co 
Weston Electrical Inst. Corp 


INSULATION TESTING EQUIP. 
MENT 


Leeds & Northrup Co 
Rubicon Company 


INTEGRAPHS & INTEGRA- 
TORS 


Leeds & Northrup Co 
INTERFEROMETERS 
Geertner Scientific Corp 
INVERTED CONVERTERS 
Bodine Electric Co. 
JOB TIMING RECORDERS 
KEYS AND SWITCHES 
General Radio Co 
Leeds & Northrup Co 
Rubicon Company 
KILNBOY 
Foxboro Co 
KILOVOLT AMPERE METERS 
KLYDONOGRAPHS 


te yr WASHING 
MACHINES 
Atlas ae Devices_Co 
LACTOMETERS 
Tagliabue Mfg. Co., C 
Taylor Instrument Cos. 
LAUNDER-OMETER 
Atlas Electric Devices.Co 
LENGTH MEASURING MA.- 
CHINES 


J 


R. Y. Ferner Co 

Gaertner Scientific Corp 
LEVELS 
Centering 

Bausch & Lomb Optical Co 

R. Y. Ferner Co 
Engineer's, Wye, Precision, Prism 

R. Y. Ferner Co 

Taylor Instrument Companies 
LIQUID METERS 

Buffalo Meter Co 
LOCOMOTIVE INDICATORS 

Southwark Fdry. & Mach. Co 
LUSTER METERS 
MACHINE OILS 
MAGNETOMETERS 

Rubicon Company 
MANOMETERS 

Brown Instrument Co 

Defender Automatic Regulator 

Co 

Foxboro Co 

Alfred Suter 
MASTER CLOCKS 

Gaertner Scientific Corp. 
MEGOHMMETERS 

IHinois Testing Labs., Inc. 

Leeds ® Northrup Co 

Rubicon Company 
MEGOHM VOLTMETERS 

Jewell Electrical Instrument Co 

Weston Electrical Inst. Corp 
MELTINGPOINT APPARATUS 

Burgess-Parr Co. 5 

Tagliabue Mfg. Co., C. J 
METER PROVERS, Gas 
METER TESTERS, Gas 
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MICROMETERS 
Amthor Testing Inst. Co. 
R. Y. Ferner Co. 
Gaertner Scientific Corp. 


MICROAMMETERS 


Jewell Electrical Instrument Co. 
Rawson Electrical Instrument Co. 


Weston Electrical Inst. Corp. 


MICROFARADMETERS 
General Radio Co. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 
Rubicon Company 
Weston Electrical Inst. Corp. 


MICRO PYROMETERS 


MICROSCOPES 
Brinell ; 
Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 
Alfred Suter 
Measuring 
R. Y. Ferner Co. 
Metallographic 
Bausch & Lomb Optical Co 
Petrographical 
Bausch & Lomb Optical Co. 
Toolmakers’ 
Bausch & Lomb Optice! Co. 
Gaertner Scientific Corp. 


MICROTOMES 
Bausch & Lomb Optical Co. 


MILLIAMMETERS 
General Radio Co. 
Jewell Electrical Instrument Co. 
Rawson Electrical Instrument Co. 
Weston Electrical Inst. Corp. 


MILLIVOLTMETERS 
Bristol Company 
Brown Instrument Co. 
Illinois Testing Labs., Inc. 
Jewell Electrical Instrument Co. 
Rawson Electrical Instrument Co. 
Taylor Instrument Companies 
Weston Electrical Inst. Corp. 


MOTOR RADIATOR VALVES 


Minneapolis-Honeywell Co 


MOTION RECORDERS 


Mechanical 

Bristol Company 

Foxboro Co. 

Southwark Fdry. & Mach. Co 
MOTORS 

Bodine Electric Co. 


MOTOR GENERATOR SETS 
Bodine Electric Co 

MULTIMETERS 
Rawson Electrical Instrument Co 

MULTIPLIERS 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 

Weston Electrical Inst. Corp. 
NEON FILLED TUBES 
NEPHELOMETERS 
OHM METERS 

General Radio Co. 

Jewell Electrical Instrument Co. 

Leeds & Northrup Co. 

Rawson Electrical Instrument Co 

Rubicon Company 

Weston Electrical Inst. Corp. 
OILS 
OIL METERS 

Buffalo Meter Co. 

OIL TESTING APPARATUS 
Atlas Electric Devices Co. 
Tagliabue Mfg. Co., , 
Taylor Instrument Companies 


OPERATION RECORDERS 
Electrical 
ristol Company 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
ORIFICE METERS 
Brown Instrument Co. 
Foxboro Co. 
ORSAT APPARATUS 


OSCILLOGRAPHS 
General Radio Co. 
VENS 


Textile Conditioning _ 
Emerson Apparatus Co. 
OXYGEN RECORDERS 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
PAINT TESTING INSTRU- 
MENTS 


Atlas Electric Devices Co. 
PANTOGRAPHS 


Gaertner Scientific Corp. 


PAPER TESTING INSTRU- 
MENTS 


Atlas Electric Devices Co 
PERFORMANCE METER 
PERMEAMETERS 

Leeds & Northrup Co. 

Rubicon Company 
PAPERTESTINGINSTRUMENTS 

Anthor Testing Inst. Co. 


PERISCOPES 
Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 
PHASE INDICATOR 
rae. SEQUENCE INDICA- 


oe TURN- 
ABLES, Electric 
mi -. Electric Co. 


bier yy COLOR 


ALYZERS 
hie er COLOR 
COMPARATOR 
PHOTO- aarmec TUBES 
PHOTOMETERS 
Gaertner Scientific Corp. 
Bausch & Lomb Optical Co. 
Leeds & Northrup Co. 
PHYSICAL TESTING MA- 
CHINES 


Anthor Testing Inst. Co 
Atlas Electric Devices Co. 
Southwark Fdry. & Mach. Co 


A. Suter 
PITOT TUBE METER 
pees +.“ Co. 
Foxboro 
PLANIMETERS 
Automatic Flow Record 
Brown Instrument Co. 
Foxboro Company 
Linear 
Brown Instrument Co 
Southwark Fdry. & Mach. Co. 
Radial 
Bristol Company 
Foxboro Co. 
Square Root 
Foxboro 
POLARISCOPES 
Gaertner Scientific Corp. 
POSITION RECORDERS 
Bristol Company 
Foxboro Co 
POTENTIAL DETECTORS 
Leeds & Northrup Co 


POTENTIOMETERS— Indicating RADIO TUBE CHECKERS 


Brown Instrument 
Leeds & Northrup Co. 
Rubicon Company 


RADIO FREQUENCY OSCIL- 
LATORS 


RADIO SET ANALYZERS 









































































Recording & Controlling 
Leeds & Northrup Co. 
POWER FACTOR METERS 
Jewell Electrical Instrument C 
Weston Electrical Inst. Corp 


POWER FACTOR REGULA. 
TORS 
PRESSURE RECORDERS 


Bristol Co. 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
PROCESS TIMING AND SIG. 
NALING INSTRUMENTS 
Bristol Company 
PROGRAM INSTRUMENTS 
Leeds & Northrup Co. 


PROJECTION LANTERNS 
Bausch & Lomb Optical Co 


PROTRACTOR 
Optical 

Bausch & Lomb Opticai Co 
PSYCHROMETER 


Recording 
Bristol Company 
Foxboro Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 

Sling 
Taylor Instrument Companies 


PYROMETERS 
Optical 
Leeds & Northrup Co. 
Radiation 
Indicating 
Brown Instrument Co. 
Leeds & Northrup Co 
Taylor Instrument Companies 
Recording 
Brown Instrument Co. 
Leeds & Northrup Co. 
Taylor Instrument Companies 
Thermo-electric 
Immersion 
Bristol Company 
Brown Instrument Co 
{linois Testing Labs. 
Leeds & Northrup 
Taylor Instrument Companie: 
Indicating 
Bristol Company 
Brown Instrument Co. 
Illinois Testing Labs. 
Leeds & Retina ai 
Taylor Instrument Companies 
Recording and Controlling 
Bristol Company 
Brown Instrument Co. 
Leeds & Northrup Co. 
Taylor instrument Companies 
Surface Contact 
Bristol Company 
Brown Instrument a, 
panels Testing Labs. 
Leeds & itiee> a 
Taylor Instrument Companies 


Inc. 


General Radio Company 
Jewell Electrical Inst. Co. 


General Radio Company 
Jewell Electrical Instrument Co 
Weston Electrical Inst. Corp 


eneral Radio Company : 
Jewell Electrical instrument Co 
Weston Electrical Inst. Corp. 
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ADIO TEST PANEL 

Jewell Electrical Instrument Co. 

Rubicon Company 

Weston Electrical Inst. Corp. 
REFRACTOMETERS 

Bausch & Lomb Optical Co. 
REGULATORS—See Controls 
RELAYS 

General Radio Co. 

Jewell Electrical Instrument Co. 

Minneapolis-Honeywell 

Weston Electrical Inst. Corp. 


REMOTE METERING EQUIP- 
MENT 


Bristol Company 
Brown Instrument Co 
Leeds & Northrup Co. 
RESISTANCE—Electrical 
General Radio Co 
Leeds & Northrup Co 
Rubicon Company 
RHEOSTATS 
General Radio Co. 
Rubicon Company 
ROTOSCOPE 
RUBBER AGING APPARATUS 
Emerson Apparatus 
RUBBER TESTING’ INSTRU- 
MENTS 
SACCHARIMETERS 
Bausch & Lomb Optica! Co. 
Tavlor Instrument Companies 
SACCHAROMETERS 
Tagliabue Mfg. Co., C. J. 
SALINITY INDICATORS 
Leeds & Northrup Co. 
Rubicon Company 
SCALES 
Amthor Testing Instrument Co. 
Gaertner Scientific Corp. 
Alfred Suter 
SCRATCH HARDNESS TESTER 
SEISMOGRAPHS 
R. Y. Ferner Co. 
SERVICE RECORDERS 
SHUNT METERS 
Bristol Co 
SHUNTS 
Jewell Electrical Instrument Co. 
Leeds & Northrup Co 
Rubicon Company 
Weston Electrical Inst. Corp. 
SIGNALING DEVICES—Auto- 
matic 
Brown Instrument Co. 
Leeds & Northrup Co. 
Rubicon Company 
SLIDE RULES 
SLOW SPEED MOTORS 
Bodine Electric Co. 
SMOKE INDICATORS 
CORDERS 


Leeds & Northrup Co. 
SOIL PRESSURE CELLS 
SPECIAL INSTRUMENTS 

Aamthor Testing Inst. Co. 


Burgess-Parr Co 
SPECIAL ELECTRICAL INSTRU- 


& RE- 


Atlas Electric Devices Co. 

Bristol Co. 

Brown Instrument Co. 

General Radio Co. 

Illinois Testing Labs., Inc. 

Jewell Electrical Instrument Co. 

Leeds & Northrup Co. 

Rawson Electrical Instrument Co. 

Rubicon Company 

Weston Electrical Inst. Corp. 
SPECIAL RECORDING DE- 

VICES 


SPECIFIC GRAVITY APPARA- 
TUS—Gas 
SPECTROGRAPHS 

R. Y. Ferner Co. 

Gaertner Scientific Corp. 
SPECTROSCOPES 

Bausch & Lomb Optical Co 

R. Y. Ferner Co. 

Gaertner Scientific Corp 
SPECTROPHOTOMETERS 

Bausch & Lomb Optical Co. 

Gaertner Scientific Corp. 
SPEED INDICATORS 

See Tachometers 
SPEED RECORDERS 

Amthor Testing Inst. Co 

Brown Instrument Co. 

Leeds & Northrup Co. 
STANDARD CELLS 

Weston Electrical Inst. Corp 
STEEL TAPES 
STOP WATCHES 

R. Y. Ferner Co. 

STRAIN GAGES 

Southwark Fdry. & Mach. Co 

Alfred Suter 
STRESS INDICATOR 
STROBOSCOPES 
SULPHUR DIOXIDE METERS 

Leeds & Northrup Co 

Tagliabue Mfg. Co., C. J. 
SULPHUR DETERMINATION 

APPARATUS 

Burgess-Parr Co 

Tagliabue Mfg. Co., C. J 
SUNSHINE RECORDERS 

Leeds & Northrup Co. 

Taylor Instrument Companies 
SURGE RECORDERS 
SYNCHRONIZING 

Electrical 

General Radio Co. 

Leeds & Northrup Co. 
SYNCHRONOUS MOTORS 

Bodine Electric Co. 
TACHOSCOPES 

Anmthor Testing Inst. Co 

Brown Instrument Co. 


TACHOMETERS 
Amthor Testing Instrument Co. 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Weston Electrical Inst. Corp 


TELESCOPES 
Bausch & Lomb Optical Co. 
R. Y. Ferner Co. 
Geertner Scientific Corp 
TENSILE TESTERS FOR PAPER 
WIRE, SHEETS, ETC. 
Amthor Testing Instrument Co. 
Alfred Suter 


TENSOMETER (Huggenberger) 
Southwark Fdry. & Mach. Co. 

TESTERS, Gas 

TESTING MACHINE 

Portable—Tensile—Compression 
Southwark Fdry. & Mach. Co. 


Universal 
Anmthor Testing Inst. Co. 
Southwark Fdry. & Mach. Co. 
A. Suter 


TEXTILE TESTING IN- 
STRUMENTS 


FORKS— 


Atlas Electric Devices Co. 
Emerson Apparatus Co. 
A. Suter 


THEODOLITES 


THERMO-JUNCTIONS(< Electric) 
eneral Radio Co 
Rawson Electrical Instrument Co 


THERMOMETERS 


Gas Filled 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Compsnies 
Mechanical 

Brown Instrument Co 

Foxboro Co 

Tagliabue Mfg. Co., C. J 
Mercurial 

Bristol Co : 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Resistance 

Brown Instrument Co 

Illinois Testing Labs., Inc. 

Leeds & Northrup Co 
Vapor-iension 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 

Tagliabue Mfg. Co., J 

Taylor Instrument ne 
Wet & Dry Bulb 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Leeds & Northrup Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
THERMOSTATS 

Bristol Company _ 

Brown Instrument Co 

Foxboro Co. 

Minneapolis-Honeywell Co 

Tagliabue Mfg. Co 

Taylor Instrument Companies 


TIME | RECORD. 


Bristol Company 

Foxboro Co 

Tagliabue Mfg. Co., C. J 
TIME RECORDERS 

Bristol Company 

Brown Instrument Co 

Geertner Scientific Corp 

Foxboro Co 
TIME SWITCHES 

Claud S. Gordon Co 
TIMERS 

Leeds & Northrup Co 

Rawson Elec. Inst. Co 

Rubicon Compeny 
TINTOMETER 
TORSIOGRAPH 

Southwark Fdry. & Mach. Co 
TORSION MACHINES 

Alfred Suter 


TRANSFORMATION POINT 
RECORDERS 
Brown Instrument Co 
Leeds & Northrup Co. 


TRANSFORMERS 

General Redio Co 

Weston Electrical Inst. Co. 
TRANSITS 
Engineer's, Surveyors, Mine 

Gaertner Scientific Corp. 
Pocket 

Taylor Instrument Companies 
TUNING FORKS—Electrically 

Driven 

General Radio Co. 

Gaertner Scientific Corp 

Leeds & Northrup Co 

Rubicon Company 
TURBIDIMETERS 

Burgess-Parr Co 





» 
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U-TUBE MANOMETERS 
Amthor Testing Inst. Co 


VACUUM RECORDERS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Taylor Instrument Cos 


VACUUM TUBE BRIDGES 


General Radio Company 


VALVES 


Automatic Shut Of 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 


Minneapolis- Honeywel | Co. 


Tagliabue Mfg. Co., € 
Taylor Instrument Cos 


Balanced 
Brown Instrument Co 
Foxboro Co. 
Claud S. Gordon Co 


Diaphragm 
Bristol Company 
Foxboro Co 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 


Electrically Operated 
ristol Company _ 
Brown Instrument Co. 


Minneapolis-Honeywell Co. 


es 
Claud S. Gordon Co 
Tagliabue Mfg. Co., 
Regulating 
Bristol Co. 
Brown Instrument Co. 
Foxboro Co. 
Minneapolis-Honeywell Co. 
Tagliabue Mfg. Co 
Taylor Instrument Companies 
Safety, Fuel Shut-off 
Minneapolis- Ay 5d alt Co. 
Taglisbue Mfg. Co., 


VENTURI METERS 
Brown Instrument Co. 
Foxboro 


VIBROGRAPH : 
Southwark Fdry. & Mach. Co 


VIBROSCOPE 


VISCOSIMETERS 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 


VISCOSITY TUBES 


VOLTAGE DIVIDERS 
General Radio Co 
Rubicon Company 


VOLT-AMMETERS 
Jewell Electrical| nstrument Co 
Weston Electrical Inst. Corp. 


VOLTMETERS 


ee 


































Indicating 
General Radio Co 
Jewell Electrical Instrument ( 
Leeds & Northrup Co. 
Rawson Electrical Instrument C 
Weston Electrical Inst. Corp 

Recording 
Bristol Company 
Leeds & Northrup Co. 

Thermionic, Oxide Rectifier 

eneral Radio Co. 

WATER METERS 
Foxboro Co. 

WATER METERS—Hot and Cold 
Buffalo Meter 

WATER & SEDIMENT APPA. 


RATU 
Tagliabue Mfg. Co., C. J 
WATTHOUR METERS 
WATTMETERS 
Indicating 
Jewell Electrical Instrument ¢ 
Rawson Electrical Instrument Co 
Weston Electrical Inst. Corp 
Recording 
Bristol Company 
WAVEMETERS 
General Radio Co. 
WAX MELTING APPARATUS 
Tagliabue Mfg. Co., C. J 
WEAR-OMETER 
Atlas Electric Devices Co. 
WEATHER-OMETER 
Atlas Electric Devices Co 








where—why and how. 


New York 





ings by out-of-door means. 


Weather-Ometer 


“Standardized Weathering” 


makes unnecessary the slow, unreliable testing of materials and organic protective coat- 
A number of samples may be placed in Weather-Ometer at 
one time and the factors of Sun, Rain, Cold and Heat reproduced in accelerated form 
under perfect control as to order, duration and intensity. 
studied, analyzed, and charted for progressive deteriotation and breakdown. 
There is a real need for this machine in almost evert important industry. 


Ask for Bulletin I-10. 
By the Makers of Fade-Ometer and Launder-Ometer. 


Distributors 
Boston 


London 


ATLAS ELECTRIC DEVICES CO. 


361 West Superior Street 










Then the samples may be 


Let us explain 


Berlin 


Chicago, Illinois 

















MEASURE EFFICIENCY 


Withan AMTHOR OPERATION RECORDER 
a complete detailed record is produced. Chart 
analysis shows Total Idle and Operating Time, 
Starting and Stopping Times, Production Speed 
at any time, all Slowdowns ‘and 
reason and the duration of each. 
ating irregularities and every departure from 
Write for complete data. 


schedule. 


315A Johnson St. 


AMTHOR TESTING INSTRUMENT CO.), Inc 












Stops for any 
It shows oper- 


Brooklyn, N. Y. 








When writing to the above companies, please mention INSTRUMENTS 
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THE NEW 40-PAGE 
AMES DIAL GAUGE 9 
CATALOG @ 

Send today for the new Ames Gauge Catalog. Con- 
taining complete information about the construction, 
use and care of all types of Micrometer Dial Gauges, 
mountings, attachments, Upright Gauges, Pocket 
Gauges, Automotive Gauges, Lens Measures, Pre- 
cision Verifiers, Comparators, Gauge Repair Service 
and Replacement Parts. 


B. Cc. AMES Cco.~7 Waltham, Mass. 











ADVERTISERS’ INDEX 


A 
Ames Co., B. C. Waltham, Mass 
Amthor Testing Instrument Co., 
Johnson St., Brooklyn, N. \ 
Atlas Electric Devices Co., 
Superior St., Chicago, Ill 


B Minneapoli 
Bausch & Lomb Optical Co., 615 St. Paul 2735 Fourt 
St., Rochester, N. 
Bristol Company, Waterbury, Conn 
Buffalo Meter Co., 2909 Main St., Buffalo, 
N. Y 


3urgess-Parr Company, 111 West Monroe Rawson Electrical 
St., Chicago, Il ) Windsor St., ¢ 
Rubicon Company 
E Philadelphia, Pa 
Emerson Apparatus Co., 171 Tremont 
Melrose, Mass 


F 
Federal Products Corp., Providence, R.I 
Ferner Co., R. Y., Investment Bldg 
Washington, D. ¢ 
Foxboro Co., Inc., Fo ro, Mass. Back ( 


G 
Gaertner Scientific Corp., 1201 Wright 
wood Ave., Chicago, III 
General Radio Co., Cambridge A, Mass 














NIAGARA METERS 


Niagara Meters measure any liquid not 
chemically destructive. Use them for 
accurate automatic measurement in 
place of gaugesticks, measuring tanks 
and other makeshift means. Eliminate 
exposure of liquids to contamination 
and fire hazard. Alsofor accurate keep 
ing of cost and inventory records. Send 
for complete information. 


BUFFALO METER CoO. 
2909 Main Street. Buffalo. N. Y. 











When writing to the above companies, please mention INSTRUMENTS 
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INDEX CARD SECTION 


A file card index will be a valuable asset. It Is suggested that this Index information be cut out, mounted o 
cards, and filed in yourdesk orinafileboxontopofyourdesk. You willthen have within easy reach an 
Index of instrument information of incalculable value. 








A Corrosion Tester ror Pressure Vessets. CLOYDM.CHAPMAN. INSTRUMENT 
Vol. 4, No. 10, October, 1931, pages 527-531, 13 figs. 


The new corrosion tester is described and illustrated. A number of photographs illustrate the results obt 
on different materials 


ELINvAR FOR INSTRUMENT Harrsprincs. GEORGE P. LUCKEY. INSTRUMENT 
Vol. 4, No. 10, October, 1931, page 532. 
Briefly mentions the use of Elinvar for instrument hairsprings 


Measurement Or Air Frow. E. OWER. INSTRUMENTS, Vol. 4, No. 10, Octob 
1931, pages 533-540, 3 figs. 
Chap. IX. This chapter is devoted to the various forms of manometers 


SpreD AND ACCELERATION MgasurEMENT. M. F. BEHAR. INSTRUMENTS, Vol 
No. 10, October, 1931, pages 541-555, 29 figs. 
Continuation of Chap. XV of Handbook of Industrial Instruments. This instalment covers 
Section 2.(Addendum) Tachometer Drives 
12. U-tube Tachometers 
18. Positive Pump Tachometers 
19. Miscellaneous Tachometers—Inertia, et 
20. Frequency Meters 
21. Vibration Tachoscopes 
24. Measurement of Differential Speed 








Compton Electrometer 


A sensitive modification of the original 
quadrant electrometer with adjustable 
electrostatic control. 


Ask for Bulletin No. 330 


RUBICON COMPANY 


Electrical Instrument Makers 


29 NORTH 6th STREET PHILADELPHIA, PA. 











Electrical Measuring Instruments 


for use at communication frequencies (0 to several million cycles per second) 





Frequency Standards - Tube and Tuning Fork Oscillators - Resistance Boxes 
Bridges - Calibrated Inductors - Variable Air Condensers + Voitage Dividers 
Attenuation Networks + String Oscillograph - Thermionic and Oxide- 
Rectifier Voltmeters - Accessories: Rheostats, Transformers, Relays, etc. 


GENERAL RADIO COMPANY 


Manufacturers of Electrical Measuring Apparatus 
for Laboratory and Industrial Use 


CAMBRIDGE A, MASSACHUSETTS 
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RECORDING 
THERMOMETER 


IESE Tyeos Flush-Mounted In- 

truments are designed for 

vanel-board installations and 
can be supplied as Recording Ther- 
mometers, Recording Pressure 
Gauges, Recording Temperature Reg- 
ulators, or Recording Pressure Regu- 
lators. 
They are available as recording instru- 
ments with one, two or three pens and 
as regulators to control one or two 
temperatures or pressures) or one 
temperature and one pressure. 
All the finest features of Tyeos Re- 
cording Thermometers and Regu- 
lators are embodied in the Flush- 
Mounted Instruments. 


Taylor /nstrument Companies 
ROCHESTER, N. Y., U.S.A 


In Canada In Great Britain 
Taylor Instrumeat Company Manufacturing Distributors 
of Canada, Ltd Short & Mason, Ltd. 
Tycos Building, Toronto London, E-17 


PIN perature 


> > 
COS [instruments 


INDICATING + RECORDING - CONTROLLING 
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REG U AT. OFF 
THE COMPASS OF INDUSTRY 


Cut Your Own 


Cams! 































W ITH the new Foxboro Non-Recording 
Time Controller you can accurately 
maintain a predetermined cycle of oper- 
ation in any process involving tempera- 


ture or pressure. It is similar in construc- Edit 
tion to the standard Foxboro Recorder- 
Controller. Spe 


The principal feature of this new instru- 
ment is that it is equipped witha calibrated 


aluminum dise instead of a paper chart and Nev 

a cam follower instead of a pen arm. 
The calibrated cam dise is made by a special 
process that ensures accuracy, and can be 
cut to any schedule. ; 
Where a wide variety of schedules are de- - j Tine Ancora 
sired you can stock the calibrated dises and ; 
cut your ouncams almost as easily as you ‘ 
can cut a paper chart. ] 
Flexibility of Range—Economy of Operation 
Accuracy and Dependability—these are I 

the great distinctions of this Controller. I 

l 

The Non-Recording Time Controller is designed ‘ 
for use on industrial processes where the relation ‘ 
of time to temperature and pressure is of impor- / 
tance. It is one hundred per cent automatic. i 
Von-Recording S 

Write to Dept. AE for further particulars. Time Controller I 
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THE FOXBORO COMPANY - FOXBORO. MAS - 
New York Chicago Boston Philadelphia Detroit Pittsburgh . 
Cleveland Rochester, N. Y. Tulsa Atlanta Los Angeles : 


Dallas Portland, Ore. San Francisco Salt Lake City 





